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ABSTRACT 
This  p r o g r a m  i s  a feasibil i ty study of the fabr ica t ion  of 
thin film pass ive  e l emen t s  by the  "Cold Subs t ra te  Deposition 
P r o c e s s " .  
t o r s  and capac i tors .  Cold subs t ra te  deposit ion i s  a unique film 
forming p r o c e s s  developed by the Librascope  Group of Genera l  
P r e c i s i o n ,  Inc.  
Two of par t icu lar  importance t o  t h i s  p r o g r a m  a r e  ( 1 )  the abi l i ty  
to f o r m  a v e r y  thin film of high integri ty ,  and ( 2 )  the tenac ious  
bonding that i s  obtained between deposi ted film and subs t r a t e ,  
achievable with a wide var ie ty  of m a t e r i a l s  s y s t e m s  without i n c r e a s -  
ing the t e m p e r a t u r e  of the bulk subs t ra te  above r o o m  ambient .  
The thin film passive e l emen t s  r e f e r r e d  to a r e  r e s i s -  
A number of benefi ts  a r e  inherent  in th i s  p r o c e s s .  
The goals of t h i s  p rogram a r e  to  demons t r a t e  that  the p r o c e s s  
can be used  to  advantage to f o r m  a r r a y s  of r e s i s t o r s  ranging f r o m  
10 
p ico- farads  p e r  squa re  inch. 
p repa red ,  and have e lec t r ica l  , p rope r t i e s  which demons t r a t e  the 
potential advantages of the p rocess  in th i s  a r e a  of application. 
2 5 to  10 o h m s  p e r  squa re ,  and a r r a y s  of capac i to r s  of 6 0 , 0 0 0  
Such devices  were  successful ly  
I1 
TABLE O F  CONTENTS 
1 . 0  INTRODUCTION AND SUMMARY 
2. 0 RESISTORS 
2.1 FABRICATION PROCEDURES 
2.  1. 1 Conductor Deposit ion 
2.1.  2 Conductor Definition 
2. 1. 3 Res i s to r  Definition 
2. 1 . 4  Res i s to r  Deposit ion 
2.1.  5 Stripping 
2.1. 6 Tr imming 
2 .2  EQUIPMENT AND MATERIALS FOR FABRICA 
TION 
2. 2. 1 Mate r i a l s  
2. 2. 2 Deposition Sys tem 
2. 2. 3 Monitoring 
2 .2 .4  Pho to res i s t  Equipment 
2 . 3  TEST EQUIPMENT AND PROCEDURES 
2. 3. 1 Res is tancd  
2. 3. 2 Cur ren t  Noise 
2. 3. 3 Tempera tu re  Coefficient 
2. 3. 4 Tempera tu re  Stabil i ty 
2. 3. 5 Moisture  Stabil i ty 
2 . 4  RAW TEST DATA 
2.4.  1 Res is tance  and Uniformity 
2.4.  2 Cur ren t  Noise 
2 .4 .  3 Tempera tu re  Coefficient 
2.4.  4 Tempera tu re  Stabil i ty 
2 .4 .  5 Moisture  Stabil i ty 
P a g e  
1 
3 
10  
10  
10  
12 
12 
13  
13  
13 
13  
13  
14  
14  
2 . 5  EVALUATION O F  TEST DATA VERSUS DESIGN 
GOALS 14 
2. 5. 1 Sheet Res i s t ance  14  
111 
Table of Contents ( con t . )  
1 
C 
t 
I 
I 
E 
2. 5. 2 Tempera tu re  Coefficient 14  
2 .  5. 3 Operating T e m p e r a t u r e  1 5  
2.  5. 4 Adjustment of R e s i s t o r  Values  15  
2.  5. 5 Cur ren t  Noise 1 5  
2. 5. 6 Nominal Value 1 5  
2.  5. 7 Tempera tu re  Stabil i ty 16  
2. 5. 8 Moisture  Stabil i ty 16  
3 . 0  CAPACITORS 44 
3 . 1  FABRICATION PROCEDURES 
3. 1. 1 Fabricat ion With E lec t ron  B e a m  
Heating 
3 .1 .1 .1  B a s e  E lec t rode  Deposit ion 
3 . 1 . 1 . 2  B a s e  E lec t rode  Definition 
3 . 1 . 1 . 3  D i e le  ct r i c  Definition 
3 . 1 . 1 . 4  Die lec t r ic  and Counter  
E lec t rode  Deposit ion 
3 . 1 . 1 . 5  Counter E lec t rode  Definition 
3 . 1 . 1 . 6  T r i m m i n g  
3 .1 .2  Fabr ica t ion  and  Res i s t ance  Heating 
44 
44 
44 
45  
45 
45  
46 
46 
46 
3 . 2  EQUIPMENT AND MATERIALS FOR FABRICA- 
TION 46 
3 .3  TEST EQUIPMENT AND PROCEDURES 47 I 
3. 3.1 Capacitance and Dissipat ion F a c t o r  47  
3. 3. 2 Tempera tu re  Coefficient 47 
3. 3. 3 Stability 48 
3. 3 .4  Working Voltage 48 
3. 3. 5 Breakdown Voltage 48 
3 . 4  RAW TEST DATA 49 
3 .4 .1  Capacitance and Dissipat ion F a c t o r  49 
3 .4 .2  Tempera tu re  Coefficient of Capaci tance 49 
3. 4. 3 Stability 50 
3 .4 .4  Working Voltage 50 
3.4.  5 Breakdown Voltage 50 
I V  
Table of Contents (cont.  ) 
3 . 5  EVALUATION OF TEST DATA VERSUS 
DESIGN GOALS 
3 .  5. 1 Capac i tors  
3 .  5. 2 l ' empera tu re  Coefficient 
3 .  5. 3 Stability 
3. 5 . 4  Working Voltage 
3. 5. 5 Breakdown Voltage 
3 .  5. 6 Adjustment 
3. 5. 7 Nominal Value 
3. 5 .8  F igu re  of M e r i t  
- 
4 . 0  ANALYSIS O F  TEST DATA 
4.1 RESISTORS 
4 .1 .1  Composition and P r o p e r t i e s  
4. 1 . 2  S t ruc ture  and P r o p e r t i e s  
4 . 1 . 3  Geometry  and P r o p e r t i e s  
4. 1 . 4  Ultimate Limits 
4 . 2  CAPACITORS 
4. 2. 1 
4. 2. 2 
4. 2. 3 
4. 2 . 4  Ultimate Limits 
Die lec t r ic  Composition and P r o p e r t i e s  
Die lec t r ic  S t ruc ture  and  P r o p e r t i e s  
Die lec t r ic  Geometry  and  P r o p e r t i e s  
5 .0  RECOMMENDATIONS AND CONCLUSIONS 
5 .1  
5 .2  
5.3 
5 . 4  
5 . 5  
5 . 6  
Appendix I 
Appendix 11 
Appendix I11 
RESISTORS 
CAPACITORS 
ACTIVE CIRCUIT ELEMENTS 
HYBRID CIRCUIT APPLICATIONS 
MONOLITHIC CIRCUIT APPLICATIONS 
THIN FILM CIRCUIT APPLICATIONS 
Design Goals f o r  Study P r o g r a m  
Specimens  Meeting Design Goals  
Publ icat ion Submittal - "Technique f o r  Photo-  
masking  on Light Sca t te r ing  Subs t ra te  Mate r i a l s "  
51 
51 
5; 
51 
52 
52 
52 
52 
53 
60 
60 
60 
60 
61 
61 
62 
62 
62 
63 
63 
65 
66 
66 
66 
67 
67 
68 
69 
70 
73 
V 
ILLUSTRATIONS 
F i g u r e  
1 R e s i s t o r  Subs t ra te  
2 Capaci tor  Sub st r a t  e 
I 
11 
I11 
I V  
V 
VI 
VI1 
VI11 
IX 
LIST O F  TABLE.S 
P a g e  
5 
5 
Res i s t ance  Data  1 7  
Noise Data 33 
T e m p e r a t u r e  Coefficient of Res is t iv i ty  3 7  
T e m p  e r a t u r  e Stability 39 
Mois ture  Stabil i ty 41 
Cur ren t  Noise - Calculated Values 42  
Capaci tance and Dissipation F a c t o r  54 
T e m p e r a t u r e  Coefficient of Capaci tance 58 
Breakdown Voltage Onset of Any Non-Ohmic 
Conduction Uncertainty Band (Volts)  59 
VI 
1 . 0  INTRODUCTION AND SUMMARY 
~~ ~~ ~~~~ 
The objective of the p re sen t  contract  i s  to  demons t r a t e  the feasibi l i ty  
of forming high pe r fo rmance  thin film pass ive  e l emen t s  by cold sub-  
s t r a t e  deposit ion.  
r z n a c i t n r g ;  
purposely se t  to advance the s ta te  of technology establ ished.  
of the s tudies  and exper iments  conclusively indicate that  the Cold Sub- 
s t r a t e  Deposit ion P r o c e s s  employed can produce r e s i s t o r s  and capac i to r s  
having advanced cha rac t e r i s t i c s .  
is  the uniformity with which the n e c e s s a r y  m a t e r i a l s  can  be deposited 
to attain thinner  continuous film. In the c a s e  of the r e s i s t o r ,  t h i s  l e a d s  
to higher r e s i s t ance  values  per squa re  without significant penal t ies  in 
pe r fo rmance  cha rac t e r i s t i c s ,  in  the c a s e  of capac i to r s  the p r o c e s s  gives 
high specif ic  capaci tance,  consistent with sa t i s fac tory  voltage breakdown 
and diss ipat ion cha rac t e r i s t i c s .  
The e lements  of specif ic  i n t e r e s t  a r e  r e s i s t o r s  and 
T h e  design goals for the e lement  c h a r a c t e r i s t i c s  were  L - - - - - -  - 
The r e s u l t s  
The impor tan t  a spec t  of th i s  p r o c e s s  
F o r  r e s i s t o r s ,  eight design goal c r i t e r i a  w e r e  cons idered  as object ives  
fo r  each of four  r e s i s t ance  ranges: 100, 1 ,  000,  10 ,000 ,  and 100,000 
o h m s  p e r  squa re .  Each  of the design goals was  m e t  by devices  of both 
100 and 1 , 0 0 0  ohms p e r  square.  
met five of the eight design goals and approached meet ing a sixth.  
of 100, 000 o h m s  p e r  squa re  met  five design goals .  
for  spec imens  meet ing goals a re  tabulated in Appendix 11. 
Devices  of 10 ,000  ohms  p e r  squa re  
Devices  
Subs t ra te  n u m b e r s  
The  r e s u l t s  of the  p r o g r a m  definitely demons t r a t e  that  r e s i s t o r s  of sheet  
r e s i s t ance  up to 1 ,  000 ohms  pe r  squa re  and having completely sa t i s f ac to ry  
p rope r t i e s ,  can be fabricated by cold subs t r a t e  deposit ion.  R e s i s t o r s  of 
10 ,000  and 100,000 ohms per  squa re  can be p re sen t ly  f a b r i c a t e d  by th i s  
technology, i f  some moderate  t r adeof f s  of c h a r a c t e r i s t i c s  a r e  accepted.  
T h e r e  is a definite indication that  eventually even these  t radeoffs  will be 
unne c e  s sar y. 
F u r t h e r  r e s u l t s  of the p rogram show that  capac i to r s  up to 60,  000 p f / in  
with des i r ab le  voltage and t empera tu re  c h a r a c t e r i s t i c s  can be p repa red .  
T h e r e  were  eight design goals s e t  f o r  capac i tors ;  four  of these  w e r e  m e t  
without qualification. 
s t r ingent  t e s t s  which a r e  commonly accepted) .  
fo r  capaci tor  ( s tab i l i ty  under a high t e m p e r a t u r e  environment)  was  
approached,  but not met .  
in e x c e s s  of the d e s i r e d  range,  but t h i s  change was  consis tent  on a 
percentage  bas i s  fo r  all devices .  
Subs t ra te  Deposit ion P r o c e s s  pe rmi t t ed  the fabricat ion of capac i to r s  
with values  in e x c e s s  of 2 ,  000,  000 p f / in  
d i e l ec t r i c  . 
Three  m o r e  were  m e t  conditionally (by l e s s  
The final design goal 
All devices  showed a change of capaci tance 
It  i s  s t r iking t o  note that  the Cold 
2 using a sil icon monoxide 
This  r epor t  includes an outline of the ove ra l l  fabr ica t ion  techniques 
used ,  the equipment and p rocedures  used  f o r  tes t ing ,  t ab l e s  of r a w  
t e s t  data ,  and evaluation of  the r e s u l t s  of the  p r o g r a m ,  and recommended 
s t eps  to fu r the r  exploit t h i s  p rocess ,  including the development of 
commerc ia l  production techniques.  
of pass ive  e l emen t s  a r e  presented  separa te ly .  
section contains information of i n t e r e s t  with r e g a r d  to  composi t ion,  
morphology, and geometry  of r e s i s t i v e  and d i e l ec t r i c  films and the i r  
re la t ionships  to  e l ec t r i ca l  p rope r t i e s  r e g a r d l e s s  of method of fabr icat ion.  
Data  and evaluat ions of the two types  
A s e p a r a t e  ana lys i s  
The  design goals  fo r  the  study are  l i s t ed  in Appendix I. 
by a copy of a communication, t i t led,  "Technique for  Photomasking on 
Light Scat ter ing Subs t ra te  Mater ia l s" ,  which i s  being submit ted to  the 
Review of Scientific Ins t ruments  for publication. 
This  is  followed 
2 
The second problem a r e a  encountered was  the d r i f t  of shee t  r e s i s t a n c e  of 
r e s i s t o r s  upon venting the vacuum chamber  to  the a tmosphe re .  This  was 
solved by deposit ing a l a y e r  of s i l icon monoxide d i r ec t ly  on the r e s i s t i v e  
m a t e r i a l  immedia te ly  a f t e r  i t s  deposit ion.  
of a suboxide which will not readi ly  r e l e a s e  i t s  oxygen to  the r e s i s t i v e  
me ta l  f i lm.  
5 , 0 0 0  a n g s t r o m s  in th ickness ,  though it appeared  that  1 , 0 0 0  a n g s t r o m s  
m a y  have been sufficient.  
g r e a t  a s  10 percent  upon exposure to a tmosphere .  
fabr icat ion of s amples  such a s  66A14 and 66A5 which contained specif ic  
devices  whose var ia t ions  were within the exper imenta l  m e a s u r e m e n t  e r r o r  
during the charac te r iza t ion  for all design goa ls ,  including the 100 hour 
This  provides  a dense  coating 
The films used f o r  t h i s  coating w e r e  genera l ly  of the o r d e r  of 
The ini t ia l  var ia t ion  of uncoated films was  as  
The coating pe rmi t t ed  
3 
2. 0 RESISTORS 
This  sect ion desc r ibe  s, in chronological sequence,  the s t eps  taken 
i n  the fabricat ion,  by cold subs t ra te  deposit ion,  of mult iple  thin f i lm 
r e s i s t o r s  on a single subs t ra te  i n  f ive r anges  of r e s i s t ance .  The 
- - + - - ; - 1 -  I I I U L C .  I r a r  13 L A * "  r h - r - n  .2bl* -I-- 9 A  +ha * A I _  type e-,-ipr;ler,t emplnypd f r ~ r  fab-icat icg,  
control  and t e s t  a r e  considered i n  detail .  P r o b l e m s  encountered and 
how they w e r e  reso lved  o r  what r e m a i n s  to be done a r e  d iscussed .  
All  significant r a w  data  are  tabulated. 
sented of the r e s u l t s  achieved, as  ver i f ied by the t e s t  da ta ,  v e r s u s  
the design goals ,  as  summar ized  in  Appendix I. 
F ina l ly ,  a n  evaluation i s  p r e -  
At the beginning of the p rogram,  the f i r s t  p roblem which was  encountered 
and solved, was  that  of using reject ion m a s k s  on light s ca t t e r ing  sub-  
s t r a t e s .  I t  was  found that exceedingly poor image  resolut ion r e su l t ed  
when using reject ion masking techniques on glazed a lumina  subs t r a t e .  
This  was de t e rmined  to be a consequence of in te rna l  backsca t te r ing  of 
l ight .  
d i r ec t ly  on the glazed su r face  of the subs t r a t e .  
s t rongly in the wavelengths to which the photores i s t  i s  sens i t ive ,  t he reby  
el iminat ing the backscat ter ing.  Any light which could degrade  the  image  
would have to  surv ive  a double p a s s  through t h i s  l a y e r .  
j u s t  thick enough to prec lude  this  degradat ion with cer ta in ty .  
The solution was  the use of a thin l a y e r  of si l icon monoxide applied 
This  m a t e r i a l  a b s o r b s  
The l aye r  was  
I -  
f .  t e s t  fo r  s tabi l i ty  a t  145O C.  
The next a r e a  requi r ing  work was  that  of obtaining uniformity ove r  a 
l a r g e  a r e a .  
known cosine squared  law of distribution. This  m e a n s  that the thick-  
n e s s  of the deposi t  r educes  a s  the  squa re  of the  cosine of the angle of 
i r?c ic l_p~cp.  In  n r d e r  to r e d l i c e  t h i q  effect;  a r o t a t i n g  sec to r  shut te r  
was  introduced. With th i s  shutter in u s e ,  geometr ica l ly  dependent 
r e s i s t a n c e  var ia t ions  dropped t o  l e s s  than one percent .  
sample  run using the combination of s ec to r  shut te r  and s c r e e n  m e s h  
was  66A29 with a s p r e a d  of t 0.  377'0 f r o m  the median value. 
s p r e a d s  in r u n s  a f t e r  th i s  t ime a r e  due to  f a c t o r s  other  than s imple 
geometry ,  specif ical ly ,  var ia t ions in chamber  p a r a m e t e r s  r e l a t ed  
to  the Cold Subs t ra te  Deposition P r o c e s s .  
The cold subs t ra te  deposit ion p r o c e s s  follows the well 
The f i r s t  
Wide - 
2 . 1  FABRICATION PROCEDURES 
The fabricat ion p rocedures  employed during the cour se  of the p r o g r a m  
a r e  desc r ibed  in  th i s  sect ion.  These  have been found to  work  well  as 
l abora to ry  p r o c e s s e s ,  but would undoubtedly r equ i r e  modification to  
some extent fo r  pilot production quant i t ies .  
R e s i s t o r  fabr icat ion cons i s t s  of the following s teps:  subs t r a t e  cleaning, 
S i 0  undercoat  deposit ion,  conductor l a y e r  deposit ion,  conductor pa t t e rn  
definition (using photores i s t  and chemica l  e tching) ,  r e s i s t o r  definition 
(application of a photores i s t  rejection m a s k ) ,  r e s i s t o r  l a y e r  deposit ion 
( immedia te ly  followed by a S i 0  pro tec t ive  ove rcoa t ) ,  s t r ipping ( r e m o v a l ,  
v ia  organic  so lvents ,  of the rejection m a s k  together  with the co r re spond-  
ing portion of the r e s i s t o r  l a y e r )  and t r i m m i n g  ( t o  achieve p rec i s ion  
r e s i s t o r  va lues) .  
All r e s i s t o r  geomet r i e s  were  3 mm X 3 mm, with four such uni t s  p e r  
subs t ra te .  
r e s i s t o r  deposi t ions were  per formed in a vacuum stat ion containing an  
e l ec t ron  beam evaporant  source with mult iple  c ruc ib l e s .  Th i s  s ta t ion 
and o ther  equipment employed a r e  desc r ibed  in  detai l  in Section 2 . 2 .  
A typical r e s i s t o r  subs t r a t e  i s  shown in F igu re  1. The 
4 
Figure 1. Resistor Substrate 
F o u r  Tophet-C Res i s to r s  ( 3 m m  X 3mm)  
on Glazed Alumina Substrate  ( l / Z f f  x 3/4”). 
Figure 2.  Capacitor Substrate 
Six Si 0 Capacitors ( 3 m m  X 3mm)  
on Glazed Alumina Substrate  ( l / Z f f  x 3/411) 
5 
2 .  1.  1 Conductor Deposition 
The Subs t ra tes  a r e  given a detergent  r i n s e ,  and a r e  scrubbed with 
a foam plas t ic  towel to  remove loose  glaze pa r t i c l e s .  
then washed in  dis t i l led water , and given e l ec t ron ic -g rade  solvent 
r i n s e s .  
soivent.  
Linde se lec t  g rade ,  t 10  mesh) .  
work holder ,  the chamber  i s  c losed,  and pumped down. The S i 0  unde r -  
coat  i s  deposited and the  sys t em i s  vented. 
s u b s t r a t e s  i s  removed and t empora r i ly  s to red  in a dus t - f r ee  environment .  
The sys t em i s  then loaded with e i the r  t i tanium-copper  -nickel,  o r  t i t an ium-  
nickel , depending on the conductor r e s i s t i v i ty  needed. Vacuum outgassed  
boules a r e  used.  Each  meta l  cha rge  i s  s epa ra t e ,  and each  i s  p laced  in  
a sepa ra t e  c ruc ib le .  The subs t ra te  holder  i s  rep laced  and the s y s t e m  i s  
pumped down. The meta l  l a y e r s  a r e  then deposited sequentially.  The 
t i tanium l a y e r  i s  ve ry  thin,  usual deposit ion p a r a m e t e r s  being 1 5  
seconds a t  1000 wat ts  power for the e lec t ron  beam unit. 
and nickel  l a y e r s  a r e  much th icker ,  and a r e  no rma l ly  run f o r  5 to 15  
minutes  a t  1750 to  2000  watts beam power (depending on the  r equ i r ed  
p r o p e r t i e s  of the conductors).  
s t r a t e s  a r e  removed f o r  pat tern definition. 
They a r e  
The final drying i s  by a blast  of d r y  gas  to  squeegee off the 
- 1  
l h e  sys t em is ioaded with a charge  of S i 0  (vacuum outgassed ,  
The s u b s t r a t e s  a r e  mounted on the 
The  subs t r a t e  holder  with 
The copper  
The s y s t e m  is then vented and the sub-  
2.  1.  2 Conductor Definition 
The s u b s t r a t e s  a r e  t r a n s f e r r e d  by the u s e  of t w e e z e r s  and o ther  mechanical  
handling devices  from bell j a r  t o  mic roscope  where  the coatings are 
examined.  
(Kodak Thin Film R e s i s t ) ,  and spun a t  6 ,000  RPM.  
d r i ed  f o r  20  minutes  and prebaked f o r  1 0  minutes  a t  8OoC. 
is  then placed on a K & S micropos i t ioner  f o r  pa t t e rn  al ignment  and exposure .  
A two second exposure with a Le i t z  200 watt U .  V. sou rce  i s  used .  
r e s i s t  i s  then sp ray  developed. 
power mic roscope  ( se l ec t ed  samples  are  a l s o  examined a t  600 power.  
pa t t e rns  a r e  then postbaked at 11 O°C p r i o r  to  etching. 
They a r e  then moved to  a whirling table ,  coated with 60% KTFR 
This  coating is air 
Each  subs t r a t e  
The 
The pa t t e rns  are  examined under  a low 
The 
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The copper and nickel layers  a r e  e tched with f e r r i c  chlor ide.  
t i tanium f lash mus t  be removed with 27'0 hydrofluoric  ac id .  
s tep i s  quite c r i t i ca l .  
between e l ec t rodes  ; A 
combination of t i m e ,  visual  observat ion,  and e l ec t r i ca l  check is  used.  
- -  A rlafinitn ---_____- rnlnr - - - - change r i n  he i j e t e c t e d  
When etching i s  completed,  the photores i s t  is  removed,  and the sub-  
s t r a t e s  a r e  cleaned for  the next operat ion.  
The 
This  e tch  
Too light an  e tch  will l eave  a conductive film 
too deep a n  etch will undercut  the e lec t rodes .  
t h e  e t c h i n g  n e a r s  completion. 
2 .  1 .  3 Res i s to r  Definition 
The r e s i s t o r  a r e a s  a r e  defined by means  of re jec t ion  masking.  Re jec -  
t ion masking i s  a p r o c e s s  in which a removable  coating of photores i s t  
i s  placed on the subs t ra te .  
appropr ia te  photographic negative.  
on all a r e a s  of the  subs t r a t e  which a r e  not r e s i s t o r  areas. The r e s i s t o r  
l aye r  deposit ion i s  then pe r fo rmed  ( a s  desc r ibed  in  Section 2 .  1.4), and 
the removable  coating is s t r ipped,  ( s e e  Section 2 .1 .  5) ,  leaving behind 
a sharp ly  defined r e s i s t o r  pat tern.  The re jec t ion  m a s k  material used  
i s  60'10 KTFR.  
procedure  desc r ibed  in Section 2 . 1 . 2 ,  with one exception; a one -second 
exposure i s  u s e d  r a t h e r  than a two-second exposure .  The image  on the  
subs t r a t e  i s  examined under  low power and at  600 power p r i o r  to  a 
PO s tbake.  
The photores i s t  i s  exposed through the 
This  provides  a photores i s t  coating 
The procedure  employed is identical  to  the pho t r e s i s t  
2 .  1 . 4  R e s i s t o r  Deposit ion 
One or m o r e  s u b s t r a t e s  and a monitor  subs t r a t e  a r e  mounted on the sub-  
s t r a t e  holder .  
(composi t ion and source  given in Section 2.  2. l ) ,  i s  placed in one c ruc ib le .  
A second cruc ib le  is  loaded with a charge  of S i 0  a s  desc r ibed  in  Section 
2 . 1 . 1 .  
vacuum outgassed  f o r  a prede termined  t i m e  ( shu t t e r  c losed) .  
is  permi t ted  to  cool and the sys t em i s  then purged with a rgon .  
Tophet-C i s  r eme l t ed ,  and the shut te r  i s  opened until  the  c o r r e c t  reading 
i s  obtained on the moni tor .  The shut te r  i s  c losed ,  the me l t  cooled, and 
A f r e sh ly  measu red  and coiled cha rge  of Tophet-C wi re  
The sys t em is then pumped down. The Tophet-C is  mel ted  and 
The cruc ib le  
The 
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the  S i 0  is immedia te ly  evaporated to cover  the r e s i s t o r .  
i s  vented and the subs t r a t e s  a r e  removed.  
The s y s t e m  
2. 1 .  5 Stripping 
The  reject ion m a s k  i s  now removed by soaking in  a s t r ipping solution 
(corisisiirig ul equal vul i i i i i es  of dichloi-Geihziie, ti-izhlorezthaiie, ~ i i c !  
toluene) and applying a light brushing. 
because some  of the commerc ia l  s t r i p p e r s  contain m a t e r i a l s  which 
would e tch  the conductor pattern.  
i s  then ready  for  testing. 
Th i s  pa r t i cu la r  solution i s  used  
The r e s i s t o r  sample  is cleaned and 
2.  1.  6 T r i m m i n g  
The  method used  on th i s  contract  for  t r imming  r e s i s t o r s  was  scr ib ing  
by a microprobe .  
r e s i s t a n c e  w a s  continously monitored with a r e s i s t a n c e  br idge during 
the  scr ibing.  
The sample being t r i m m e d  f o r  ad jus tment  of i t s  
2 . 2  EQUIPMENT AND MATERIALS FOR FABRICATION 
Th i s  section l i s t s  the ma te r i a l s  and the  equipment used  f o r  r e s i s t o r  
fabr icat ion and gives  some fur ther  indications as to the i r  u s e  a n d / o r  
f ea tu res .  
2 .2 .  1 M a t e r i a l s  
All  r e s i s t o r s  for  t h i s  p r o g r a m  w e r e  p r e p a r e d  on Amer ican  Lava  
AT-60400-M subs t ra tes .  
inch thick. The base  is 0 .025  inch thick ALSIMAG 614 with a 0. 005 
inch coating of glaze 743. 
s i l i ca te  g l a s s  with a n  alkali content of about 37'0. 
covered  by a 1 / 2  to 1 m i c r o n  l aye r  of s i l icon monoxide. 
u sed  is Linde select  g rade ,  vacuum outgassed ,  t 10 m e s h .  The 
r e s i s t o r  e lement  itself is Tophet-C (which i s  a 2870 i ron ,  5070 nickel ,  
127'0 ch romium alloy obta ined  f r o m  Wilbur B. D r i v e r  Company).  The 
w i r e  used  is  s ize  2 0 ,  with a res i s tance  of 0 .673  ohms / f t .  
copper ,  and nickel p re sen t ly  being used  are  commerc ia l ly  avai lable  
These a r e  1 / 2  inch by 3 / 4  inch by 0 .030  
The glaze 743 is basical ly  a lead  bo ro -  
In u s e ,  t h i s  is  
The  f o r m  
The  t i t an ium,  
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w i r e s  of high puri ty .  
run  for  some t ime  a t  high t empera tu res  under a vacuum until 
well outgassed. 
P r i o r  to the i r  u s e ,  t hese  m a t e r i a l s  w e r e  
2. 2. 2 Deposition Sys t em 
The p ~ ~ m p i ~ g  g ? r ~ t ~ m -  i.: a Vppcn VS-4nO mnrliile with  ;1 W e l c h  1 3 9 7 R  
roughing pump. 
The gaging is done by a Veeco module which cons i s t s  of one ion gage 
and two thermocouple  gages.  
unit fabr ica ted  around a Varian spool co l la r .  
por t  i s  located on one s ide of the co l la r  so that  the  en t i r e  top and 
bottom a r e a s  a r e  avai lable  fo r  un res t r i c t ed  placement  of i n t e rna l  
f ixturing. 
a c c e s s o r y  mounting. 
bottom pla tes .  
s e a l s  a r e  e i ther  viton o r  copper.  
Varian a s sembly .  
power.  
with th i s  equipment is the Librascope design and fabricat ion.  
The sys t em employs a liquid ni t rogen cold t r a p .  
The chamber  is a special  cy l indr ica l  
A fou r  inch pumping 
The co l la r  i tself  provides  seven p o r t s  fo r  e lec t ron  gun and 
Fur the r  a c c e s s  is provided through the top and 
The j a r  i s  a n  open ended cyl inder .  All chamber  
The e lec t ron  gun is  a th ree -c ruc ib l e  
This  unit i s  capable of de l iver ing  2 KW beam 
The cold subs t r a t e  deposition appa ra tus  used  in conjunction 
2 .  2. 3 Monitoring 
The r e s i s t ance  of a sepa ra t e  monitor  film is  m e a s u r e d  as  the film is 
deposited.  
through the monitor  film and measu r ing  the voltage d rop  a c r o s s  the 
film. 
in s e r i e s  with a 90 volt battery.  
a c r o s s  the output t e r m i n a l s  so the open c i rcu i t  voltage will be l imited.  
A self  contained, high impedance mi l l ivo l tmeter  i s  connected a c r o s s  
t h e  output t e r m i n a l s .  The output voltage i s  proport ional  to  the  
r e s i s t ance  when the p rope r  multiplying fac tor  i s  used .  
brat ion p rocedure ,  a precis ion r e s i s t o r  of the value to  be deposited i s  
connected a c r o s s  the monitor p iece  t e r m i n a l s  and the  moni tor  is  s e t  t o  
the  d e s i r e d  end point. 
A s  the  deposi ted film thickness  on the monitor  i n c r e a s e s ,  the meter 
The r e s i s t a n c e  i s  de t e rmined  by pass ing  a constant c u r r e n t  
A c u r r e n t  sou rce  i s  c rea ted  by connecting a la rge-va lued  r e s i s t o r  
A 12 volt zener  diode is  connected 
During the  C a l i -  
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reading approaches  the prede termined  value. 
manual ly  when the d e s i r e d  value of r e s i s t ance  is reached .  
va lues  f r o m  one ohm to  100 kiloohms have been monitored by the m e a n s  
descr ibed .  
Deposit ion i s  halted 
Res i s t ance  
2 .  2 . 4  Pho to res i s t  Lquipment 
All  photores i s t  work i s  done in a room under  posit ive a tmosphe r i c  
p r e s s u r e  and with f i l t e red  a i r  inlets.  
f luorescent  tubes to  prevent the photoresis t  f r o m  fogging. 
s t eps  a r e  pe r fo rmed  in  pos i t i ve -p res su re  cabinets  which are  f i l t e red  
to  provide white conditions. 
whirl ing table and a K&S alignment machine.  
c loseable  booth f o r  s p r a y  development. 
a special  gas  supply sys tem to  provide d r i ed  and f i l t e red  ni t rogen.  
Optical  microscopy,  including a l a r g e  s c r e e n  compara to r ,  i s  avai lable  
in the room.  
available f o r  p r e  -and post -baking. 
Th i s  r o o m  is l ighted with gold 
Cr i t i ca l  
The  equipment used  includes a T r a n s m a s k  
T h e r e  is a sepa ra t e  
Th i s  includes air b rushes  and 
Dus t - f ree  ovens with good t e m p e r a t u r e  t racking  a r e  
2 . 3  TEST EQUIPMENT AND PROCEDURES 
Th i s  section d e s c r i b e s  the tes t  equipment and p rocedures  used  in making 
m e a s u r e m e n t s  on the r e s i s t o r  s amples ,  and in environmental ly  s t r e s s i n g  
them.  
2.  3. 1 Res is tance  
Res i s t ance  values  were  taken a t  r o o m  t e m p e r a t u r e  on a n  ESI r e s i s t ance  
br idge.  
fo r  r e s i s t o r s  for  which the f i r s t  two significant f i gu res  a r e  e i the r  11 o r  
1 0 ,  and r e a d s  four p laces  for  all o ther  va lues .  
reading e r r o r  of about t 3 in the l a s t  place.  
The  bridge used was a model 250 DA, which r e a d s  f ive p l aces  
T h e r e  i s  a poss ib le  
- 
2. 3. 2 Curren t  Noise 
Cur ren t  noise  measu remen t s  a r e  made  with a s y s t e m  consis t ing of an 
audio osc i l la tor ,  a microvol te r ,  a d - c  s o u r c e ,  a sample  box, a low- 
noise  p reampl i f i e r ,  a narrow-band f i l t e r  and m e t e r ,  a rec t i f ie r  and 
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f i l t e r ,  and a s t r i p  char t  r e c o r d e r .  
The  audio osc i l la tor  and microvol ter  a r e  used  to supply a cal ibrat ing 
signal t o  the sys t em.  They a r e  not connected during the actual  run.  
The sys t em used for  the actual t e s t  is  the d - c  
(with load resis tor! :  the low-noise p reampl i f i e r ,  the f i l ter ing and 
rectifying modules ,  and the s t r i p  cha r t  r e c o r d e r .  
supply, the sample  box 
Sys tem gain is  adjusted t o  read  one microvol t  output on the m e t e r  fo r  
one microvol t  input. 
a 38 cycle noise  equivalent band width ( r ec t angu la r  band width). 
load and sample  r e s i s t o r s  a r e  connected into the c i rcu i t  and a s y s t e m  
noise  reading (no b ias  voltage) i s  taken for  a min imum of one minute .  
B ias  voltage is  applied and a reading for  a t  least one minute  is taken. 
The resul t ing data  a r e  then mathemat ica l ly  p r o c e s s e d  t o  give noise  p e r  
decade in db to  the index of 
The center  band of the sys t em is 480 cyc les  with 
The  
1 LL volt (RMS) 
volt (DC)  
Th i s  p rocedure  is  as  follows: 
(Ns) and total  noise  (NT)  a r e  r ead  f r o m  the s t r ip  cha r t .  
(NR) is found f r o m  
F i r s t ,  the m e a n  va lues  of sys t em noise  
R e s i s t o r  no ise  
V 
R L  
where  R X  = Resis tance  of specimen;  R L  = load res i s tance ;  NR = 
open c i rcu i t  r e s i s t o r  no ise  voltage. 
NR is  then expanded to 1 decade. 
The r e su l t  i s  ND (noise  p e r  decade)  in microvol t s .  
ve r t ed  to  db  to  the index of 1 microvol t  p e r  volt. 
In th i s  c a s e ,  the mult ipl ier  i s  5. 5. 
Th i s  is  then con- 
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2 .  3 .  3 'Temperature  Coefficient 
A dynamic t e s t e r  i s  des i rab le  to  faci l i ta te  the tes t ing of a l a r g e  
number of samples .  
and  r e c o r d s  environmental  t e m p e r a t u r e  and percentage  change 
A sys t em h a s  been devised  which measures 
-C ---; - t r r - r , -  ~f thr, - - - n l n  o < - - ~ l + ~ m n n ~ ~ c l * r  
U I  I L D I C i L L L I I L L  U L  L L L L  U u L l l y l c .  a I ~ * A u * ~ - L L ~ " u " * ,  . 
A two channel s t r i p  c h a r t  r e c o r d e r  i s  used to  r e c o r d  the two p a r a -  
m e t e r s  in r e a l  t ime.  
subs t r a t e ,  and the  output connected to  a compensat ing c i rcu i t .  
H e r e ,  a voltage i s  added to the thermocouple  output, cor responding  
to  the di i ference voltage between O°C and r o o m  tempera tu re .  
combined vol tages  a r e  f ed  to the r e c o r d e r .  
stant cu r ren t  genera tor  i s  connected to  the r e s i s t o r  being tes ted .  
The  c u r r e n t  i s  adjusted to  cause  a n  IR d rop  equal to that  of a m e r c u r y  
ba t te ry  which is  connected in s e r i e s  opposition. The resu l t ing  
output, which is  z e r o  a t  room t e m p e r a t u r e ,  i s  connected to the 
r e c o r d e r .  
r e s i s t ance  will cause  a full s ca l e  deflection. 
avai lable .  
A thermocouple i s  a t tached to  the r e s i s t o r  
The  
A t r ans i s to r i zed  con-  
The scal ing of the r e c o r d e r  i s  such that  a 1% change of 
Other  scaling i s  r ead i ly  
0 Samples  have been measu red  f r o m  room t e m p e r a t u r e  up to both 125 C 
and 145OC. 
t u r e  ( -30°C) .  
in a char t  showing the t empera tu re  and percentage  change in r e s i s t a n c e  
in the s a m e  t ime  base.  
m e a s u r e m e n t s ,  but does  serve  to  es tab l i sh  t r e n d  and identify g r o s s  t e m -  
p e r a t u r e  -sensi t ive cha rac t e r i s t i c s  with a good degree  of prec is ion .  
does  so at  a g rea t  saving i n  t e s t  t ime .  
A few check runs have been made  to a negative t e m p e r a -  
A t e s t  run r equ i r e s  approximately 30 minutes  and r e s u l t s  
This s y s t e m  does  not have the a c c u r a c y  of br idge 
It 
2. 3 . 4  Tempera tu re  Stability 
The t e s t  used  for t empera tu re  s tabi l i ty  i s  a s imple  s to rage  t e s t  of 
100 hour s  a t  145OC. 
Res is tance  is  measu red  by a br idge a t  room t e m p e r a t u r e  before and af te r  
the runs .  
The only equipment r equ i r ed  i s  a l abora to ry  oven. 
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2.  3 .  5 Moisture  Stability 
The tes t  used  for  mois ture  stabil i ty i s  s torage  for 48 hour s  a t  100% 
humidity and room tempera ture .  
tion with an equi l ibr ium at 100% humidity i s  used.  
A constant vapor p r e s s u r e  solu-  
2 . 4  RAW TEST DATA 
The bulk of the data  r e fe r r ed  to  in th i s  section cons is t s  p r i m a r i l y  of 
tab les  of r a w  or  sl ightly reduced t e s t  data.  Each  table is organized 
chronologically in  the o rde r  of sample prepara t ion .  Only a f rac t ion  
of the available samples  were subjected to any given t e s t .  
samples  were  selected on a bas i s  of the p a r a m e t e r  being studied a t  
the t ime.  
have f a r  exceeded the funded scope of the p re sen t  contract .  
These  
A total  evaluation of all samples  for  all p a r a m e t e r s  would 
2 .  4. 1 Res is tance  and Uniformitv 
The raw re s i s t ance  data  is  given in  Table I .  
reduced to show mean and median values.  
deviations f r o m  these  values a r e  shown. 
These  data  have been 
Numer ica l  and percentage 
2 .4 .  2 Curren t  Noise 
The measu red  data for the calculation of cu r ren t  noise i s  given in  
Table 11. 
presented  in a converted fo rm which gives  noise  p e r  decade. (See Table  VI). 
These  d a t a a r e f o r  a 28 cycle bandwidth. The data  a r e  l a t e r  
2 . 4 .  3 Tempera tu re  Coefficient 
These data a r e  presented  in Table 111. 
of mill ivolts for both tempera ture  and r e s i s t ance  change. 
have been converted to a t empera tu re  span in  d e g r e e s  cent igrade,  p e r -  
cent change i n  r e s i s t ance  f o r  that  span, t empera tu re  coeff ic ient  of r e s i s -  
tance in p a r t s  p e r  million p e r  degree  cent igrade.  
in th i s  table a r e  f rom room tempera tu re  upward. 
were  tes ted  f r o m  room tempera tu re  down to  -30 C in  o r d e r  to prove  the 
operat ing range. 
The or iginal  data  were  in t e r m s  
These f igu res  
All of the data  p re sen ted  
A few isolated samples  
0 
Representat ive values  of TCR for  the negative range  
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0 are  52 ppm/OC f o r  100 o h m s / s q u a r e  r e s i s t ance  and 105 p p m /  C f o r  
1000 o h m s / s q u a r e  res i s tance .  
2 . 4 . 4  Tempera tu re  Stability 
Table  I V  gives  readings  taken by a bridge before  and a f t e r  the 100 hour 
t h e r m a l  s t r e s s i n g  of selected samples .  
c e s s e d  to give the del ta  R and pe rcen t  change columns.  
_. 
' l 'hese va lues  nave been p r o -  
2 . 4 .  5 Moisture  Stabil i ty 
Br idge  m e a s u r e m e n t s ,  values of del ta  R and percent  change of r e s i s t ance  
a r e  given in Table  V f o r  the m o i s t u r e  t e s t s .  
2 . 5  EVALUATION OF TEST DATA VERSUS DESIGN GOALS 
The purpose  of t h i s  p rogram was  to  de t e rmine  the feasibi l i ty  of using 
the  cold subs t r a t e  deposition p r o c e s s  to p r e p a r e  pass ive  devices  ( r e s i s t o r s  
and capac i to r s )  fo r  thin fi lm c i r cu i t ry .  
ta ined a r e  d iscussed  in t e r m s  of the design goals.  
l i s t ed  in Appendix 1 ,  
In th i s  sect ion,  t he  r e s u l t s  ob- 
The design goals  a r e  
2 .  5. 1 Sheet Res i s t ance  
The  sheet  r e s i s t ance  specification s t a t e s  that  r e s i s t o r s  shall  be fabr ica ted  
in the 10 , 10 , 10 and 10 o h m s  p e r  squa re  r anges .  R e s i s t o r s  w e r e  
p r e p a r e d  for  all four ranges and specif ic  design goals  for  these  a r e  d i s -  
cussed  in the following paragraphs  of Section 2.  5. 
2 3 4 5 
2 .  5. 2 Tempera tu re  Coefficient 
2 The design goal of less  than 100 PPM/OC f o r  TCR was  m e t  fo r  both 10 
o h m s  p e r  squa re  and 10 
subs t r a t e s  66A16 and 66A17. 
and 10 o h m s  p,er squa re .  The best value obtained f o r  10  o h m s  p e r  
squa re  was  -476 PPM/OC on subs t ra te  66A45. 
devices  ranging f r o m  -476 to  -833 PPM/OC a r e  given in  Table  111. 
' 3  ohms p e r  squa re ,  specific examples  being 
4 It  w a s  not m e t  fo r  10 o h m s  p e r  squa re  
5 4 
Values  f o r  high r e s i s t a n c e  
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2 .  5. 3 Operat ing Tempera tu re  
Samples  of all four values  of sheet r e s i s t ance  have been evaluated 
between -30 and t145OC. 
t e m p e r a t u r e s  under light load, and have been r e tu rned  to r o o m  t e m -  
p e r a t u r e .  luone of the devices  fa i led,  thereby fii!fi!!ir,g t h e  sper&in- b 
t empera tu re  design goal f o r  this  p rogram.  
These samples  have been run a t  t hese  
_ _  
B 
E 
I 
I 
‘ I  
2 .  5. 4 
The adjustment  made  on the low re s i s t ance  sample ,  as  desc r ibed  
in Section 2 . 1 . 6 ,  could have been made  on a sample  of any shee t  
r e s i s t ance ,  s ince it is  a ma t t e r  of geometry  only. 
t o r s  on th i s  subs t r a t e  (No.  66A12) p r i o r  to adjustment  w e r e  66. 2 ,  
67.3,  67 .3  and 64.2 ohms .  
The resu l t  was  t 0. 127’0 f rom a median of 69. 9 o h m s .  
adjustment  could have been c a r r i e d  slightly fu r the r  to  a n  e s t i m a t e  
70 ohms  - t 0. 1%. 
adjustment  of individual r e s i s t o r s .  
Adjustment of Res is tor  Values 
The four  res i s -  
The t a rge t  value se lec ted  w a s  70 ohms .  
The final - 
This  fulfills the design goal of t 17’0 regard ing  
2 .  5. 5 Cur ren t  Noise 
Noise r equ i r emen t s  were fully m e t  for  r e s i s t o r s  having sheet  r e s i s -  
t ances  of l o 2  and 10 
66A16, 66A17, and 66A46). The best  noise  value at ta ined fo r  a sheet  
r e s i s t ance  in e x c e s s  of 10 
66A75 ( l ) ,  which v e r y  near ly  m e e t s  the design goal of 25 db. 
3 ohms  per squa re  (for  instance subs t r a t e s  66A14, 
4 ohms p e r  squa re  w a s  -24 .5  db on subs t r a t e  
Noise 
f igures  for  devices  having a sheet r e s i s t ance  of l o 5  ohms  p e r  squa re  
o r  m o r e  fell sho r t  of the design. 
2 .  5. 6 Nominal Value 
This  p a r a m e t e r  i s  m o r e  difficult to  m e e t  a t  the higher  va lues  of r e -  
s i s tance  than for  10  
subs t r a t e s  66A16, 66A29, 66A17 and 66A23); it h a s  been met f o r  m o r e  
than one subs t r a t e  of each of these  two va lues ,  all r e s i s t o r s  on the 
subs t r a t e  being well within tolerance.  F o r  10 o h m s  p e r  squa re  it h a s  
2 3 and 10 o h m s  p e r  squa re  ( s e e  data  in  Table  I for  
4 
Seen met  for  t h r e e  r e s i s t o r s  on a subs t r a t e  in s e v e r a l  i n s t ances .  
Suitable r e s i s t ance  s p r e a d s  for  r e s i s t o r s ,  sl ightly in  e x c e s s  of 
10 
a subs t r a t e .  
b b A S 5  which m i s s e d  meet ing the + 1670 ir i iei-iori  bj- 3 .  17, f ~ r  3 z e
r e s i s t o r .  The o the r  t h r e e  were all within to le rance  of l o 5  ohms  
5 t 10%. 
4 ohms  p e r  squa re ,  have been at ta ined fo r  all four  r e s i s t o r s  on 
The bes t  example of l o5  o h m s  p e r  squa re  i s  subs t r a t e  
- 
The best  sp read  on a r e s i s t o r  subs t r a t e  in  e x c e s s  of 10 - 
ohms  p e r  squa re  (actual ly  1 . 6  X 1 0  5 ) was t 3.670. - 
The r e s i s t ance  monitor ing sys t em used  for  t h i s  p r o g r a m  was  se t  
up with a manual  l ink for  shutter control .  Using manual  cont ro l ,  
it  was  possible  to  r e a c h  monitor va lues  well within + 10% 
des i r ed  value in mos t  instances.  
an au tomat ic  l inkage would be ins ta l led .  
of the - 
F o r  any  type of production run ,  
Using the manual  l ink,  i t  was possible  to  deposi t  individual r e s i s -  
t o r s ,  within the t 10% design goal f o r  all r anges .  Using a n  
automatic  l ink,  i t  should be possible  to  r epea t  va lues  to  t 170, 
s ince the re  i s  a var iab le  opera tor  reac t ion  t i m e  when the manual  l ink 
i s  used ,  and s ince deposition t i m e s  a r e  ve ry  shor t .  
d i sc repenc ie s  between the t a rge t  value and the moni tor  value fo r  
many spec imens  l i s t ed  in Table1 a r e  a consequence of the ope ra to r  
reac t ion  t i m e  var iab le .  
- 
The apparant  
2 .  5. 7 T e m p e r a t u r e  Stability 
Th i s  design goal specif ies  a t empera tue  s tabi l i ty  of - t 270. The t e s t  
conditions w e r e  100 hour s  at 145OC. The goal was  m e t  for  l o 2  and 
10 ohms p e r  squa re  r e s i s t o r s  ( f o r  example ,  s u b s t r a t e s  66-405 and 3 
66A17), but was  not m e t  f o r  l o 4  and 10 5 ohms  p e r  squa re  r e s i s t o r s .  
2 .  5. 8 Mois ture  Stabil i ty 
The  moi s tu re  s tabi l i ty  goal of - t 1% h a s  been m e t  fo r  r e s i s t o r s  of 
a l l  four ranges .  
(cons iderably  l e s s  than 0.  1%) .  
re la t ive  humidity a t  room t empera tu re  fo r  48 hour s .  
a t e s t  of the integri ty  of the  protect ive coating. 
the data  on subs t r a t e  0411C, 66A49, 66A41, and 66A52 inTable  V. 
Many r e s i s t o r s  evaluated displayed negligible change 
The s a m p l e s  were  subjected to 1 0 0 ~ 0  
This  i s  l a r g e l y  
F o r  exac t  va lues ,  note 
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TABLE I1 
Noise Data  
Sample 
Number 
R Load 
(Ohms)  
1,100 
1,100 
1,100 
1,100 
DC Voltage 
(Volts)  
Sys tem N o i s e  
( P  V) 
1* 0 .06  
2 0 .  06 
3 0 . 0 6  
4 0. 06 
Tota l  Noise 
(P V) 
0411C 
(10 2 )** 
0. 07 
0. 068 
0.072 
0.083 
3.6 
3 .5  
3 .6  
3.6 
1 0. 06 
2 0. 06 
3 0 .06  
4 0 .06  
0. 062 
0. 066 
0.068 
0. 07 
6. 0 
6. 0 
6 . 0  
6 . 0  
1,100 
1,100 
1,100 
1,100 
1 0.058 
2 0.059 
3 0.059 
4 0.058 
0.068 
0. 064 
0. 07 
0 .068 
3 . 5  
3 . 2  
3 .2  
3 .4  
1,100 
1,100 
1,100 
1,100 
1 0.058 
2 0 .058 
3 0.058 
4 0.058 
0. 070 
0.087 
0.100 
0.100 
4 .0  
4 . 4  
4. 5 
4 .0  
1,100 
1,100 
1,100 
1,100 
1 0. 058 
2 0.058 
3 0.060 
4 0.060 
0.066 
0. 085 
0.087 
0. 063 
4 . 5  
3 . 2  
3.4 
5. 3 
1,100 
1,100 
1,100 
1,100 
1 0. 06 
2 0. 06 
3 0.058 
4 0.058 
0. 08 
0. 068 
0. 062 
0. 065 
1. 7 
2 .6  
5 .4  
5. 2 
1,100 
1,100 
1,100 
1,100 
1 0.115 
2 0.115 
3 0.115 
4 0.110 
0.115 
0.115 
0.120 
0.110 
1,100 
1,100 
1,100 
1,100 
3. 8 
4 .0  
3 .8  
3 .7  
::: Four  r e s i s t o r s  pe r  substrate .  
** Sheet r e s i s t ance  range.  
3 3  
I -  
1 -  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
Table  11 cont .  
S y s t e m  Noi se  
(CtW 
Tota l  No i se  DC Voltage 
( UV) (Vo l t s )  
R Load 
(Ohms) 
Sample  
N u m b e r  
0 .110  3 . 6  
0 .110  3 . 8  
0 .110  3 . 6  
0 .110  3 . 4  
1 0 , 1 1 0  
2 0 . 1 1 0  
3 0 .110  
4 0 .110  
1 , 1 0 0  
1 , 1 0 0  
1 , 1 0 0  
1 , 1 0 0  
1 0 . 0 8 5  
2 0 . 0 8  
3 0 . 0 8  
4 0 . 0 8  
0.  085 3 . 8  
0. 08 3 . 8  
0 . 0 8  3 . 7  
0 . 0 8  3 . 3  
1 , 1 0 0  
1 , 1 0 0  
1 , 1 0 0  
1 , 1 0 0  
1 0.0 65 
2 0.067 
3 0 .067  
4 0 .067  
0 .065  1 0  
0 . 0 6 7  1 0  
0. 070 1 0  
0 .072  1 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
4. 5 6 
6. 0 5 
55 5 
35 5 
1 , 1 0 0  
1 , 1 0 0  
1 , 1 0 0  
1 , 1 0 0  
1 0 . 1 3  
2 0 . 1 2 5  
3 0 . 1 2 5  
4 0 . 1 2 5  
1 0 . 1 1  
2 0 . 1 1  
3 0 . 1 1  
4 0 . 1 1  
0. 1 5  3 . 5  
0 . 1 3 5  3 . 5  
0 . 1 2  3 . 5  
0 .112  3 . 5  
1 , 1 0 0  
1 , 1 0 0  
1 , 1 0 0  
1 , 1 0 0  
1 0. 06 
2 0. 06  
3 0. 06 
4 0 . 0 6  
0. 08 4 . 6  
0. 075 4 . 5  
0. 072 4 . 5  
0. 07 4 . 5  
1 , 1 0 0  
1 , 1 0 0  
1 , 1 0 0  
1 , 1 0 0  
1 0 . 1 2  
2 0 . 1 1  
3 0 .115  
4 0 .115  
0 .12  9 
0. 14  9 
0 . 1 1 5  9 
0 .12  9 
1 , 1 0 0  
1 , 1 0 0  
1 , 1 0 0  
1 , 1 0 0  
34 
Table I1 cont.  
R Load 
(Ohms) 
S y s t e m  N o i s e  
( P V )  
Total N o i s e  
(PW 
DC Voltage 
(Vo l t s )  
S a m p l e  
Number  
3 . 0  
4 . 0  
3 . 0  
3 . 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
10 ,000  
1 0 , 0 0 0  
1 0 . 1  
2 0 . 1  
3 0 . 1  
4 0 . 1  
0. 55 
1 . 2  
0. 6 
0 . 5  
1 0 . 1  
2 0.1 
3 0 . 1  
4 0.1 
3 . 7  
6 
2 . 3  
2 . 2  
4 . 0  
4.0 
3 . 0  
3 . 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
3. 6 
5 . 0  
7. 5 
2 . 3  
1 0 . 1  
2 0 . 1  
3 0 . 1  
4 0 . 1  
0 . 7 5  
0 . 7 5  
0 . 7 5  
0 .75  
1 0 0 , 0 0 0  
1 0 0 , 0 0 0  
1 0 0 , 0 0 0  
1 0 0 , 0 0 0  
1 0.1 
2 0 .1  
3 0 .1  
4 0.1 
0. 63 
0 .48  
0. 68 
0. 64 
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
10,000 
0 . 2 6  
0. 62 
0 . 9 5  
0. 28 
0 .11  
0 . 1 1 5  
0 . 1 0  
0 . 1 0  
1 0 . 0 7  
2 0 . 0 7  
3 0 . 0 7  
4 0 . 0 7  
1 0 . 0 6 5  
2 0 .065  
3 0 .065  
4 0 .065  
1 . 0  
1 . 0  
1 . 0  
1 . 0  
1 0  
1 0  
1 0  
1 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 . 0 6 5  
2 0 . 0 6 5  
3 0 . 0 6 5  
4 0 . 0 6 5  
0. 27 
>1 
0. 18  
0 . 1 8 5  
1 0  
1 0  
1 0  
1 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
1 0 , 0 0 0  
3 5  
Table I1 cont. 
Sample Sys t em Noise 
N u m b e r  ( P  V )  
t j 6 A i 3  i 0 . 0 6 5  
(104) 2 0.065 
3 0.065 
4 0.065 
66,475 (1) 1 0 . 2 2  
( lo4 )  2 0. 23 
3 0 .23  
4 0 . 2 2  
Total Noise 
(u V )  
> i  
0 .  84 
0. 55 
0. 85  
0. 37 
0. 30 
0. 32 
0. 2 9  
DC Voltage 
(Volts)  
i n  
I V  
1 0  
10  
10  
30 
40 
50  
40  
R Load 
(Ohms)  
i n  nnn L V ,  " V U  
1 0 , 0 0 0  
10 ,000  
10 ,000  
10, 000 
10 ,000  
10 ,000  
10 ,000  
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Sample 
Number 
0411D 
( lo+ 
66A06 
66A04 
( lo2 )  
66A05 
(10 1 
66A01 
( lo2 )  
( lo2 )  
6 6A16 
66A20 
( lo2 )  
66A14 
(IO2) 
66A17 
( lo3 )  
1 
3 
1 
2 
3 
1 
3 
1 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
TABLE 111 
Tempe r atu r e C oe ff i c ie  nt of Re  s is t an c e 
% Change i n  
Tempera tu re  Span ("C)** Res is tance  
71 0.48 
80 0.48 
76 
79 
0. 36 
0. 64 
78 0 .40  
77 
80 
67 
82  
122 
120 
122 
11 9 
122 
12 0 
7 8  
128 
7 8  
11 5 
73 
11 7 
78 
124 
127 
124 
0. 72 
0. 66 
1. 0 
0. 56 
1. 04 
1. 2 4  
0. 70 
0. 54 
1.1 
1.14 
0. 54 
0. 70 
1. 04 
1.12 
1. 2 
1.12 
0. 88 
1. 0 
1. 08 
1. 00 
P P M / " C  
69 
60 
47 
81 
51 
94 
83 
150 
68 
87 
10 3 
58 
45 
90 
95 
70 
55 
133 
97 
167 
96 
113 
81 
85  
81 
* Sheet r e s i s t ance  range. 
*:: The t empera tu re  span ( ini t ia l  value is room t e m p e r a t u r e  and 
final value is an elevated t e m p e r a t u r e )  over  which the % change 
i n  r e s i s t ance  was  measu red .  
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Sample 
Number 
66A23 
Table I11 cont. 
0 Tempera tu re  Span ( C )  
1 51 
2 72 
3 73 
1 121 
2 122 
3 117 
4 125 
1 21 
3 15 
1 13 
2 12 
70 Change in 
Res is tance  
0 .  58 
0. 96 
0. 98 
0 .74  
0 .54  
0 .46  
0 .  58 
1 . 0  
0.95 
1 . 0  
1 . 0  
P P M / O C  
114 
134 
134 
60 
44 
39 
46 
476 
63 5 
770 
833 
38 
TABLE I V  
Sample  
Number  
041 1 C 
(10 2 ):k:;: 
1 s  
2 
3 
4 
T e m p e r a t u r e  Stabi l i ty  
(100 h o u r s  at 145°C) 
Befo re  Af t e r  C \ R  7'0 Change  
116.0 ohms 1 1 4 . 2  o h m s  - 1 . 8 o h m s  - 1 . 5  
113 .9  111 .8  -2 .1  - 1 s 9  
119.6 116. 5 -3 .1  - 2 . 6  
120 .9  1 1 8 . 5  -2 .4  - 2 . 0  
128.2 1 2 7 . 2  - 1 . 0  -0. 8 
127. 7 1 2 6 . 2  -1 .5  - 1 . 2  
123 .5  1 2 2 . 5  -1 .0  -0 .8  
136 .8  1 2 3 . 8  - 3 . 0  - 2 . 2  
114 .1  1 1 4 . 5  t o .  4 t o .  4 
107 .6  1 0 9 . 0  t l .  4 t 1 . 3  
104.8 1 0 6 . 0  t 1 . 2  t 1 . 1  
109 .8  1 1 0 . 0  t o .  2 t o .  2 
86. 0 8 3 . 8  -2. 8 - 3 . 3  
100.1 9 5 . 0  - 5 . 1  - 5 . 1  
105.3 9 8 . 2  -7 .1  - 6 . 7  
87. 7 8 5 . 4  - 2 . 3  - 2 . 6  
112 .4  1 1 2 . 5  -0.1 - 0 . 1  
107 .1  1 0 7 . 5  t o .  4 t o ,  4 
111 .9  1 1 1 . 5  - 0 . 4  - 0 . 4  
117 .5  1 1 7 . 4  -0 .1  - 0 . 1  
111 .4  1 0 9 . 0  - 2 . 4  - 2 . 2  
106.7 104. 5 -2 .2  - 2 . 1  
112 .5  1 1 0 . 0  -2.  5 -2 .2  
113 .4  1 1 0 . 5  - 2 . 9  - 2 . 6  
90. 0 90.  0 0 0 
95. 2 9 4 . 8  -0 .4  - 0 . 4  
95. 6 9 5 . 4  - 0 . 2  - 0 . 2  
85. 5 8 5 . 2  -0. 3 - 0 . 4  
>+ F o u r  r e s i s t o r s  p e r  s u b s t r a t e .  
+:k Range .  
3 9  
Sample 
Number 
66A17 
( lo3 )  
Table I V  cont. 
Before 
987 
940 
9 90 
1054 
1021 
1001 
1080 
1020 
8 90 
932 
81 0 
751 
Af ter  
1007 
9 58 
1000 
1070 
1182 
1320 
1420 
1650 
858 
890 
778 
724 
t 2 0  
t i 8  
t 1 0  
t 1 6  
t161  
t 3 1 9  
t 3 4 0  
t 6 3 0  
-32 
-42 
-32 
-28 
7'0 Change 
2 . 0  
i .  8 
1 . 0  
1 . 6  
16.1 
31 .9  
34 
63 
3. 6 
4 . 5  
3 . 9  
3 - 7  
40 
Sample 
Number  
041 1 C 
2 (10 )40 
1* 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
TABLE V 
Moisture  S t  abi l i ty  
(48  hours ,  100% relat-ye humidity,  room t e m p e r a t u r e  
Before After  A R  70 Change 
112.2 
116. 7 
118 .4  
982.8 
992. 6 
1066. 7 
968. 5 
98 0 
1700 
72 0 
768 
146 .1  
146.1 
144 .8  
147 .6  
1044 
1245 
1010 
927 
7,  686 
16 ,820  
9 ,  637 
8 , 8 6 3  
105,210 
74,260 
93, 300 
660, 000 
112 .0  
116 .8  
118 .4  
984. 7 
998.0 
1087.0 
980. 5 
980 
1100 
720 
773 
146 .2  
146 .3  
145.1 
147 .7  
1044 
1245 
1010 
928 
7 ,790  
17 ,  005 
9, 715 
9 , 1 4 9  
109 ,200 
75, 800 
93,100 
656,000 
-0 .2  
t o .  1 
- 0 -  
t 1 . 9  
t 5 . 4  
t 2 0 . 3  
t 1 2 . 0  
- 0 -  
-600 
- 0 -  
t 5 . 0  
t o .  1 
t o .  2 
t o .  3 
t o .  1 
- 0 -  
- 0 -  
- 0 -  
- 0 -  
t 1 0 4  
t 1 8 5  
t 7 8  
t 2 8 6  
t 3 , 9 9 0  
t 1 , 5 4 0  
-200 
-4 ,000  
113 .8ohms  1 1 4 . 3 o h m s  t 0 . 5 o h r n s  t o .  4 
- 0 . 2  
- 0 - 1  
- 0 -  
t o .  2 
t o .  5 
t1.9 
t 1 . 2  
- 0 -  
-35.0 
- 0 -  
t o .  65 
t o .  1 
t o .  2 
t o .  2 
t o .  1 
- 0 -  
- 0 -  
- 0 -  
- 0 -  
t 1 . 4  
t l . l  
t o .  8 
t 3 . 2  
t 3 . 8  
t 2 . 1  
-0 .2  
-0 .6 
7: F o u r  r e s i s t o r s  pe r  subs t r a t e .  
96* Range. 41 
I- 
1 '  
B 
1 
I 
1 
I 
I 
I 
t 
I 
I 
I 
I 
I 
1 
I 
Sample 
Number 
TABLE VI 
C u r r e n t  Noise - Calculated Values  ( p e r  decade)  
1 8 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
Noise, db, Index 
1 pvol t  per volt 
-25  
-25  
- 24 
-30 
-36 
- 31 
-30 
- 30 
- 24 
- 27 
-23  
- 24 
-25  
- 21 
-19 
- 18 
- 28 
- 19 
- 19 
- 34 
-14. 5 
-22 .7  
- 32 
- 29 
-35  
-32 
-34 .5  
-28.7 
+ *Four  r e s i s t o r s  pe r  subs t ra te .  
::* Range. 
Sample 
Number 
66A20 
(102) 
6 6A14 
( lo2 )  
66A17 
( I O 3 )  
66A23 
( IO3) 
66A29 
( I O 2 )  
66A48 
( lo2)  
66A46 
( lo3)  
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
Noise, db,  Index 
1 p v o l t  pe r  volt 
-37 .3  
-36 .8  
-37 .3  
-35 .8  
-36 .8  
-36 .8  
-36 .6  
-35 .9  
< -45 
< -45 
-39 
- 34 
+ 6  
-0 .44  
+l .  8 
+ 8 .  8 
-16 
- 18 
- 21 
-25 
-23 
-25  
-25  
- 27 
-44.7 
-29 .4  
-28 .6  
- 4 0 . 4  
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Sample 
Number 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
Table  VI cont. 
Noise,  db, Index 
1 pvol t  p e r  volt 
+ 48 
+10 
+ 6 . 8  
+ 5 . 1  
+ 19 
+ 29 
+ 18 
+ 18 
+ 36.4 
+ 39. 6 
+ 41 
+ 33.2 
+ 3  
+l .  1 
+ 4.2 
+ 3 . 5  
+ 6 . 8  
+15. 3 
+18. 9 
+ 7 . 5  
Sample 
Number  
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
Noise,  db, Index 
1 B volt per volt 
-23 
-22 .8  
-24.9 
-24 .8  
-11. 6 
-0. 36 
-15. 5 
-14-2 
-1.4 
- 4 . 5  
3 -7. 8 
4 - 2 . 9  
1 -14. 3 
2 -23.6 
3 - 2 4 .  5 
4 -19. 6 
4 3  I 
3 .  0 CAPACITORS 
Th i s  section d e s c r i b e s  the s teps  taken in  the fabricat ion,  by cold 
subs t r a t e  deposit ion,  of multiple capac i to r s  of si l icon monoxide 
on a single subs t ra te .  The  m a t e r i a l s  involved and the type equipment 
employed for  fabr icat ion,  control and t e s t  a re  cons idered  in  detai l .  
All significant r a w  data  a r e  tabulated.  
sented of the r e s u l t s  achieved, as ver i f ied  by the t e s t  da ta ,  v e r s u s  
the  design goals as  summar ized  in Appendix I. 
F ina l ly ,  a n  evaluatlon i s  p r e -  
3 . 1  FABRICATION PROCEDURES 
Two methods of capac i tor  fabrication were  u s e d  for  th i s  p r o g r a m .  
Both methods a r e  f o r m s  of the cold subs t r a t e  deposit ion p r o c e s s .  
In one c a s e ,  t h e r m a l  evaporation w a s  by e lec t ron  beam heating; in 
the o ther  c a s e  t h e r m a l  evaporation w a s  by m e a n s  of r e s i s t a n c e  heating. 
P r o c e d u r e s  fo r  both methods a r e  outlined. 
s t r a t e  i s  shown in F igu re  2 on page 5 . 
A typical capac i tor  sub-  
3. 1 .  1 
The  bas ic  techniques used  for th i s  f o r m  of fabr ica t ion  a r e  those  p r e -  
viously desc r ibed  fo r  preparing r e s i s t o r s .  
modifications and, of course ,  the sequence of opera t ions  i s  different.  
Fabr ica t ion  With Elec t ron  B e a m  Heating 
T h e r e  a re  some  minor  
3. 1 .  1 . 1  B a s e  E lec t rode  Deposition 
The base  e lec t rode  used  for capac i to r s  was  t i tanium-nickel .  
t i tanium was  a thin f lash  (12-15 seconds) ;  t he  nickel  was  re la t ive ly  
thin (10 minutes  maximum).  Subs t ra te  p repa ra t ion  m u s t  be v e r y  
thorough fo r  capac i to r s ,  a s  any roughtness  o r  adhering m a t e r i a l  can  
cause  a defect in the dielectr ic  l a y e r .  All s u b s t r a t e s  w e r e  the re fo re  
examined c lose ly  before  and a f t e r  the deposit ion and etching s teps .  
The 
The  p rocedure  used  was: 
1 .  Clean and p r e p a r e  s u b s t r a t e s  
2.  
3 .  Evapora te  S i 0  l a y e r  
Mount subs t ra tes  and  pump-down sys t em 
44 I 
4. Vent and clean sys t em 
5. Evapora te  t i tanium 
6. Evapora te  nickel 
7. Vent and remove subs t r a t e s  
3 .  i .  i . 2 Base  Eiec t rode  Eefiniiion 
The p rocedure  used  for  base e lec t rode  definition was  tne s a m e  a s  
that  used  for  conductor definition of r e s i s t o r s .  
t h i s  f o r m  of definition a r e  the s a m e  a s  the t i tanium-nickel  case given 
in  Section 2 . 1 . 2 .  The removal  of the t i tanium in  the etched a r e a s  i s  
even m o r e  c r i t i ca l  for  t h i s  application than for  r e s i s t o r s .  
The exact  s t eps  of 
3 .  1 .  1 .  3 Dielec t r ic  Definition 
The  only definition requi red  i n  the d i e l ec t r i c  l a y e r  i s  to  fac i l i t a te  
e l ec t r i ca l  connection to the base  e l ec t rodes .  
a high resolut ion masking.  
w e r e  used  for  th i s  step.  
the  one previously descr ibed  in Section 2 .1 .  3 .  
i s  pe r fo rmed  using g l a s s  masks  to  shadow an a r e a  on the bottom 
e l ec t rodes  for  l a t e r  e lec t r ica l  contact.  These  m a s k s  a r e  al igned 
while mounting the s u b s t r a t e s  in the  subs t r a t e  holder .  
This  i s  not n e c e s s a r i l y  
Both re jec t ion  and mechanical  masking  
The re jec t ion  mask ing  p rocedure  u s e d  is 
Mechanical  masking  
3.  1 .  1 . 4  Die lec t r ic  and Counter Elec t rode  Deposit ion 
The d i e l ec t r i c  l aye r  i s  SiO, deposi ted through a rotat ing sec to r  m a s k .  
The th ickness  of deposit  i s  moni tored  with a c rys t a l - f r equency  moni -  
t o r .  
I t  has  been found that  layered  evaporat ion of the S i 0  provides  a be t te r  
d ie lec t r ic .  
tion s t a r t s ,  open the shut ter ,  and then v a r y  the e -beam c u r r e n t  i n  a 
cycl ic  manner  to  s t a r t  and stop S i 0  evaporat ion.  
off point i s  reached ,  the shut ter  i s  closed. 
The p rocedure  i s  to pump down, heat  the S i 0  until  evapora -  
When the monitor  cu t -  
The  counter  e lec t rode  i s  nickel only,  and i s  deposi ted d i r ec t ly  on the 
S i 0  without delay o r  exposure to  a tmosphe re .  The S i 0  is  cooled, the 
45 
gun changed to the nickel crucible ,  and the nickel i s  br ief ly  out-  
gassed .  The shut te r  i s  then opened and the nickel l a y e r  i s  deposi ted.  
3 .  1. 1 .  5 Counter Electrode Definition 
The counter  e l ec t rodes  a r e  defined by a photoetch p rocedure  similar 
A -  L U  L l l a L  - - - - A  U a L U  A"* *-- h - 0 -  V U V I  a l o c t r n d e  ., - - - - - - - - def in i t ion.  - - ~ ~  In th i s  c a s e ,  the  only 
etchant  used  i s  f e r r i c  chloride.  The hydrofluoric  acid e tch  i s  not 
n e c e s s a r y  and i s  e l iminated to avoid degradat ion of the d i e l ec t r i c  
l a y e r .  
3 .  1.  1. 6 T r imming  
Tr imming  to  reduce  capacitance i s  by se lec ted  a r e a  etching of the 
top e lec t rode .  
e tch  as for  the or ig ina l  counter e lec t rode  definition. 
This  i s  ra ther  s t ra ight  fo rward ,  and is the s a m e  
3 .  1 .  2 
A s e r i e s  of capac i to r s  was  p repa red  by the u s e  of r e s i s t a n c e  hea t -  
ing.  
was  Corning 9059 g lass .  
and  the d ie lec t r ic  was  SiO. 
Fabr ica t ion  with Res is tance  Heating 
This  was  done in another vacuum station. The subs t r a t e  used  
The e lec t rode  m a t e r i a l  w a s  a luminum,  
The  e l ec t rodes  fo r  th i s  s e r i e s  of capac i to r s  w e r e  defined by m e a n s  
of me ta l  contact m a s k s .  
by cold subs t ra te  deposition. 
The base  e l ec t rodes  w e r e  a luminum applied 
The d ie lec t r ic  l a y e r  for  these capac i to r s  w a s  Si0 deposi ted f r o m  a 
molecular  furnace .  Cyclic evaporat ion,  a s  desc r ibed  in  Section 
3. I .  1 ,  was  used  to depdsit  the S i 0  to obtain a be t te r  d i e l ec t r i c  l a y e r .  
The counter e l ec t rodes  f o r  these  capac i to r s  w a s  aluminum. 
deposit ion was  a l s o  per formed using mechanical  m a s k s .  
Th i s  
3 . 2  EQUIPMENT AND M-4TERIALS FOR FABRICATION 
Two different equipment configurations w e r e  employed fo r  capac i tor  
fabr icat ion.  One w a s  the electron beam stat ion desc r ibed  in Section 
46 
2 .  2 .  2 .  
a c rys t a l  frequency monitor which was fabr ica ted  a t  L ibrascope .  
F o r  capaci tor  fabr icat ion th i s  was used  in conjunction with 
The other  station was  an 18-inch bell j a r  s ta t ion with a 6.-inch NRC 
pump and liquid ni t rogen baffle. This  station was equipped with 
an Edwards  optical  monitor and with Librascope  Cold Subs t ra te  
Deposition appara tus .  
evaporat ion and a baffled boat source  for s i l icon monoxide evaporat ion.  
Tungsten f i laments  w e r e  used  t o r  a luminum 
The m a t e r i a l s  uti l ized for  capaci tor  fabr icat ion by e lec t ron  beam 
evaporation were  a l l  f r o m  the group desc r ibed  under m a t e r i a l s  for  
r e s i s t o r  fabr icat ion (Section 2.  2 .1) ;  viz .  , t i tanium, nickel,  si l icon 
monoxide, and Amer ican  Lava subs t ra tes .  
In  the r e s i s t ance  heating station, evaporat ion grade aluminum was 
used  for capaci tor  e lec t rodes ,  and in this  c a s e ,  Corning 7059 g l a s s  
a s  the subs t r a t e  m a t e r i a l .  
3 . 3  TEST EQUIPMENT AND PROCEDURES 
This  section outlines the test  equipment and p rocedures  employed to  
de te rmine  the cha rac t e r i s t i c s  and pe r fo rmance  of the thin film cap-  
ac i to r  s. 
3 .  3 .  1 
Values of capaci tance and dissipation factor  w e r e  checked using the 
ESI bridge (model  240 DA). The bridge osc i l la tor  was consis tent ly  
s e t  a t  a peak output of 3 volts for  these  t e s t s .  
Capacitance and Dissipation F a c t o r  
3 .  3 .  2 Tempera tu re  Coefficient 
Tempera tu re  coefficient t e s t s  were  conducted with the ESI br idge and 
a labora tory  oven. 
the necess i ty  of manual  adjustment of the br idge.  The re fo re ,  th i s  
operat ion consis ted of taking m e a s u r e m e n t s  a f t e r  t e m p e r a t u r e  s tab i l i -  
zation a t  a s e r i e s  of t empera tu re  points.  
The t e s t s  were  not of a dynamic type because of 
4 7  
3 .  3 .  3 Stabili ty 
To evaluate  s tabi l i ty ,  the specimens w e r e  subjected to 145 C f o r  
100  hours .  
br idge for  before  -and-af te i  m e a s u r e m e n t s  of capaci tance and d i s s i -  
paiivri I d ~ i o i .  The d e v i ~ c s  were d s z  checked fnr hrezkdnwn voltage 
a s  desc r ibed  in Section 3 .  3 5. 
0 
The equipment w a s  a l abora to ry  oven,  and the ESI 
3 .  3 .4  Working Voltage 
In th i s  p r o g r a m ,  working voltage i s  defined as  one-half the b reak -  
down voltage. 
The  t e s t  equipment and procedures  a r e  l ikewise d i scussed  t h e r e .  
Th i s  definition i s  d i scussed  in  the following sect ion.  
3 .  3 .  5 Breakdown Voltage 
During the c o u r s e  of th i s  p rogram,  the va r ious  methods  of es tabl ishing 
voltage specif icat ions for  capac i tors  and d i e l ec t r i c  films w e r e  scru t in  - 
ized.  In so doing, two definitions of working voltage a r e  apparent .  One 
i s  based on device survival .  In  th i s  c a s e ,  the working voltage i s  defined 
a s  the voltage s t r e s s  leve l  under which the device will r e m a i n  s table  for  
a long per iod  of t ime.  Because  of the  t i m e  durat ion l imi ta t ions  of th i s  
p r o g r a m ,  is  was  elected not to  use  th i s  definition as  the c r i t e r ion ,  but to  
se l ec t  the following definition; namely ,  that  the working voltage i s  one-  
half the breakdown voltage. 
T h r e e  methods were  employed in investigating the breakdown voltage; 
( 1 )  The sample  was subjected to  a full-wave rect i f ied voltage 
f r o m  a Tektronix 575 CRO. 
fo r  breakdown spikes a s  the voltage w a s  inc reased .  
This  t e s t  involved the application of a 100 volt pu lse .  
was  applied through a n  R - C  network with a d ischarge  c i r cu i t  
t ime-cons tan t  of 70 mi l l i seconds .  
of the c i rcu i t  was  50 vol ts .  
fore  a 100 volt pulse ,  which dropped t o  a s teady  50 vol ts  and 
remained on  the device under  t e s t .  
The scope image  was  moni tored  
( 2 )  Th i s  
The s teady s ta te  voltage 
The applied voltage w a s  t h e r e -  
( 3 )  This  method applied a non-ohmic conduction c r i te r ion .  The  
capaci tor  was  subjected to  a slowly r i s ing  voltage f r o m  a 
saw-tooth function genera tor .  
spec imen was  measu red  and the c u r r e n t  plotted against  voltage 
on an  X - Y  plot ter .  The  voltage a t  which non-ohmic conduction 
l----- ..r-,m * n = A  frnm t h o  n l - t  ucsa11 " " - a  I&-.. --"ALA ---- 
The d - c  c u r r e n t  through the 
r--"- 
Measuremen t s  of all t h r e e  types w e r e  pe r fo rmed  on se lec ted  samples  
and comments  a r e  accordingly p re sen ted  ( in  a l a t e r  sect ion)  in  eva lua-  
t ing the capac i to r s  in t e r m s  of the design goals .  
however ,  was  considered to be the mos t  s e v e r e  tes t .  
The th i rd  method,  
The breakdown voltage in this t h i rd  context would be defined a s  " that  
voltage a t  which non-ohmic d - c  conduction p r o c e s s e s  begin to  occur .  
In that the onset  of non-ohmic d - c  conduction o c c u r s  somewhat below 
the  point where  i r r e v e r s i b l e  changes in  the d ie lec t r ic  take place ( c a t a -  
s t rophic  f a i lu re ) ,  th i s  value is  in t e rp re t ed  a s  a s t r ingent  c h a r a c t e r i z a -  
t ion of breakdown voltage. Re fe r r ing  to Table  IX ,  one obse rves  that  in  
s o m e  ins tances  a voltage range,  r a t h e r  than a single voltage,  i s  given. 
Th i s  is a consequence of the l a c k  of a n  abrupt  change in the slope of 
the  cu rve  ( the "knee") i n  these cases .  
The equipment for  the th i rd  t e s t  method cons is ted  of a Tektronix 
5 7 5 scope (sawtooth output), an  e lec t ronic  m i c r o a m m e t e r ,  and a 
Librascope  X - Y  plot ter .  
3 . 4  RAW TEST DATA 
Th i s  section cons i s t s  of short  d i scuss ions  and comment s  on r a w  test 
data  obtained f r o m  capacitor s amples .  
3 .  4. 1 
Table  VI1 l i s t s  capaci tance and diss ipat ion fac tor  data  for all capac i -  
t o r s  p repa red  during th i s  p rogram.  
dur ing  fabricat ion a r e  SO labeled. 
Capacitance and Dissipation F a c t o r  
Those  devices  which w e r e  sho r t ed  
3. 4. 2 
An anomaly of capaci tance var ia t ion with t e m p e r a t u r e  was  found dur ing  
Tempera tu re  Coefficient of Capaci tance 
49 
the f i r s t  heating and cooling cycle of t hese  devices .  
va lues  gave an  open loop on  a plot of capaci tance v e r s u s  t empera tu re .  
Beginning and ending values  a t  25  C w e r e  the s a m e  within limits of 
m e a s u r e m e n t  e r r o r .  
c losed in the range of 75OC to 100°C but, at 5OoC, the r i s ing  t e m p e r a t u r e  
branch  showed a capacitance typically 5 to  670 l e s s  than capaci tance on 
the  decreas ing  t e m p e r a t u r e  branch.  Th i s  open loop effect  a p p e a r s  to 
be re la ted  to  some  permanent  f o r m  of d i e l ec t r i c  stabil ization (aging) ,  
s ince i t  appeared  only on the first high t e m p e r a t u r e  TCC run.  
second TCC run  all devices  tes ted  showed a single branch  curve  with 
the decreas ing  t e m p e r a t u r e  branch fall ing within exper imenta l  e r r o r  
of the r i s ing  t empera tu re  branch. 
two devices  on subs t ra te  66C04. 
t h i s  genera l  TCC behavior .  
The capaci tance 
0 
The r is ing and descending branches  of the c u r v e s  
On a 
Table  VIIIshows the TCC value f o r  
All devices  on th i s  subs t r a t e  displayed 
3. 4. 3 Stabil i ty 
Subs t ra te  66C04 was  subjected to  100 h o u r s  at 145OC. Capaci tance 
va lues ,  m e a s u r e d  a f t e r  the  t e s t ,  showed a reduction of capaci tance 
which ave raged  570. 
value.  The re  was  no measu reab le  change in  breakdown voltage.  
Dissipation fac tor  dropped to  about 1 / 2  the ini t ia l  
3. 4 . 4  Working Voltage 
On the b a s i s  of the commencement  of non-ohmic conduction, the 
capac i to r s  on subs t r a t e  66C04 a r e  r a t ed  at a working voltage between 
1 5  and 30 volts.  These  same  capac i to r s  have all withstood a 100 volt 
pulse  t e s t ,  and have endured a continuous 50 volt d - c  s t r e s s i n g  fo r  
about 1 5  minutes .  The evidence ind ica tes  that  t he re  a r e  no des t ruc tuve  
breakdown phenomona below 50 volts.  
3 .4 .  5 Breakdown Voltage 
The  devices  on 66C04 and on seve ra l  of the 66B s e r i e s  s u b s t r a t e s  w e r e  
subjected to  the 100 volt pulse test without degradat ion.  These  dev ices  
w e r e  a l so  run on the X - Y  plotter t o  de t e rmine  the onse t  of non-ohmic 
conduction. Table  IX  shows r e s u l t s  of t e s t s  on five of the devices  on  
50 
subs t r a t e  66C04. Seve ra l  of the 66B devices  w e r e  a l s o  checked 
on the Tektronix 575 CRO, and survived 100 volt peak  t e s t  with- 
out indication of des t ruc t ive  breakdown. 
3 . 5  EVALUATION O F  TEST DATA VERSUS DESIGN GOALS 
The m a t e r i a l  in  th i s  sect ion c o v e r s  the compar i son  between results 
achieved and the goals set  for the  p r o g r a m  with r e g a r d  to capac i -  
t o r s .  
which 
of the 
3 . 5 . 1  
The extent by which goals w e r e  exceeded,  and t h e  extent by 
goals w e r e  m i s s e d  a r e  both indicated.  
f a c t o r s  involved i s  given in  Section 4. 2 .  
F u r t h e r  d i scuss ion  
CaDacitor s 
The  prepara t ion  of capac i tors  having a capaci tance of 60, 000 pico-  
f a r a d s  p e r  squa re  inch was  successful ly  completed.  
66B05 and 66C04 a r e  examples  covering the d e s i r e d  range  of capa-  
citance.  
p f / in  w e r e  p repa red .  Because of the inherent  d i e l ec t r i c  s t rength 
l imitat ion of the m a t e r i a l  used, these  v e r y  high value capac i to r s  
did not approach  d e s i r e d  voltage c h a r a c t e r i s t i c s .  
Subs t r a t e s  
Other  s a m p l e s  having capaci tance as high a s  2 , 0 0 0 , 0 0 0  
2 
3. 5. 2 T e m p e r a t u r e  Coefficient 
The  devices  t e s t ed  for  t empera tu re  coefficient on subs t r a t e  66C04 
exceeded the goal of 300 ppm p e r  
of the o r d e r  of 260 to  270  ppm p e r  OC. 
(on  different s u b s t r a t e s )  had TCC values  as high a s  900 pprn p e r  
0 C. These  devices  had TCC values  
Some o the r  devices  t e s t e d  
0 C. 
3. 5. 3 Stabili ty 
The  t empera tu re  s tabi l i ty  goal  of t 2 to  370 was  not me t .  The  bes t  
s amples  showed a reduction in  capaci tance of about 4. 5% a f t e r  100 
hour s  a t  145OC. 
reduct ion of 570 in  capacitance.  
during aging, reducing to about one-half of i t s  ini t ia l  value.  
The  average  change on subs t r a t e  66C04 w a s  a 
Dissipat ion fac tor  changed favorably  
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3. 5. 4 Working Voltage 
B y  the c r i t e r ion  of the capacitor being ab le  to withstand a sustained 
application of d -c  voltage,  the design goal of 50 vol ts  was  met by a 
l a r g e  number  of the devices .  If the c r i t e r ion  taken  i s  that  working 
voltage i s  one-half the voltage a t  which non-ohmic conduction p r o c e s s e s  
begin to  occur ,  the 50 volt goal was  not achieved. 
s eve ra l  devices  on subs t ra te  66B06 (45,  000 pf / in  ) remained  intact  
a f t e r  extensive leakage m e a s u r e m e n t s  up to  100 vol ts  D. C .  , and the 
devices  on 66C03 w e r e  capable of withstanding a s t r e s s  of 50 vol ts  for  
an  extended per iod  of t i m e ,  but no devices  t e s t ed  r ema ined  completely 
ohmic  to  the 100 volt l eve l .  
F o r  example,  
2 
3. 5. 5 Breakdown Voltage 
The design goal of a breakdown voltage of 100 vol ts  D. C. fo r  a capa -  
c i tor  of 60, 000 pf / in2  was  met by the pulse  100 volt D. C. t e s t .  
no capac i to r s  of th i s  value were  fabr ica t ion  which proved  capable  of 
reaching  a s t r e s s  of 1 0 0  volts without the onset  of non-ohmic conduction 
However ,  
L p r o c e s s e s .  Many devices  of the o r d e r  to  45 ,000  p f / in  which would 
survive 100 volt s t r e s s i n g  during leakage t e s t s  w e r e  p r e p a r e d .  Also,  
s amples  such as  66C04 and 66B05 w e r e  capable  of withstanding va r ious  
f o r m s  of sho r t  t e r m  100 volt s t r e s s ing .  
3. 5. 6 Adjustment  
Select ive etch back of top capacitor e l ec t rodes  to ad jus t  capac i tor  
s amples  to a sp read  of l e s s  than t 1% i s  exceedingly labor ious .  
method of post-adjustment  of capac i to r s  i s  not recommended for  a 
production technique, but can be done on a l abora to ry  bas is .  
This  - 
3 .  5. 7. Nominal Value 
The  design goal of deposition t o  a specif ied value (60,  000 pf / in  2 ) tloyo 
- 
w a s  met .  
56, 500 p f / in2  to 61 ,  700 pf/ '  a s  deposited.  
A specif ic  example i s  subs t r a t e  66C04 which ranged  f r o m  
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3 .  5 . 8  F igu re  of Mer i t  
The  design goal was  a f igure of m e r i t  of 6 X 10  V-f / in  . I n t e r p r e -  
tation of the achievement  of t h i s  goal i s  subject to the pa r t i cu la r  
breakdown voltage c r i te r ion  applied.  
a given voltage s t r e s s i n g  of shor t  durat ion,  and having a given capac i -  
t ance ,  where the product  of voltage and capaci tance i s  in  e x c e s s  of 
-6  -6 6 X 1 0  
2 V - F / i n  . On a bas i s  of the onset  of non-ohmic conduction, the bes t  
va lues  a r e  of the o r d e r  of 3 X 10 
-6 2 
On the bas i s  of a device surviving 
, th i s  was m e t  by 66CO3-1 with a f igure of m e r i t  of 6. 05 X 10 
-6 2 V-f / in  . 
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I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
Sample 
Number 
66B01 
66B02 
66B03 
66B04 
l *  
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
TABLE VI1 
Capacitance and Dissipat ion F a c t o r  
2 Dissipation F a c t o r  Pf / in 2 Pf / device ( 9mm ) 
shor ted  
900 
820 
shor ted  
800 
800 
shor ted  
s ho r t ed  
shor ted  
shor ted  
shor ted  
shor ted  
shor ted  
shor ted  
shor ted  
shor ted  
shor ted  
shor ted  
shor ted  
1 5 , 0 0 0  
4 , 0 0 0  
1 , 3 0 0  
10 ,000  
500 
0 . 4 6  
0 . 3 3  
0 . 2 4  
0 . 2 0  
1 . 0 1  
1 . 0  
0 . 1 4  
1 . 0  
0. 1 9  
6 3 , 4 0 0  
58, 600 
5 7 , 2 0 0  
5 7 , 2 0 0  
1, 7 0 0 , 0 0 0  
286 ,000  
9 3 0 , 0 0 0  
715 ,000  
3 5 , 8 0 0  
+ Six c a p a c i t o r s  per  subs t ra te .  
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# *  
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
1 
I 
I 
E 
1 
I 
I 
I 
Sample  
Number  
66B05 
66B06 
66B07 
66B08 
66B09 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
Table VI1 cont. 
2 P f /dev ice  (9mm ) 
997 
987 
930 
930 
940 
94 7 
lead open 
630 
shor ted  
lead  open 
630 
shor ted  
63 5 
605 
503 
58 9 
603 
61 7 
301 
551 
54 5 
520 
54 7 
557 
567 
556 
5 58 
547 
548 
560 
Dissipat ion F a c t o r  
0 .15  
0. 14 
0. 08 
n n o  
V .  v u  
0 .  08 
0 .  08 
0.11 
0.11 
0 .  0 5  
0 .  05 
0. 06 
0.05 
0 .  0 5  
0. 05 
0 .  08 
0 .  08 
0 . 0 8  
0 .  08 
0 .  0 8  
0 .  08 
0. 07 
0. 07  
0 .07  
0. 07 
0. 07 
0 .  07 
Pf/ in2  
70,800 
70,100 
66 ,000  
6 6 , 0 0 0  
66, 600 
67 ,200  
45 ,000  
45 ,000  
44, 700 
43 ,200  
42, 500 
42 ,100  
43,100 
44 ,100  
21, 600 
39, 500 
39,000 
37,200 
39,200 
39,900 
40 ,600  
39,800 
4 0 , 0 0 0  
39,200 
39,200 
40 ,000  
55 I 
Sample 
Number  
66B10 
66C01 
66C02 
66C03 
66C04 
Table VI1 cont. 
Dissipat ion F a c t o r  2 Pf 1 device (9mm ) 
1 604 
2 58 9 
3 58 0 
4 576 
5 58 0 
6 597 
0. 07 
0 .07  
0 .07  
0 . 0 7  
0. 07 
0 .07  
1 shor ted  
2 3 ,275  0.005 
3 3 ,100  0.004 
4 2 ,  980 0. 06 
5 3 ,140  0.006 
6 3 ,040  0 .005  
1 shor ted  
2 shor ted  
3 shor ted  
4 shor ted  
5 shor ted  
6 shor ted  
1 1 ,  630 
2 1 ,690  
3 1 , 620 
4 1 ,  550 
5 1 , 6 1 0  
6 1 ,  580 
1 81 0 
2 82 5 
3 790 
4 833 
5 8 64 
6 836 
0.005 
0.0 04 
0.005 
0.005 
0 .005  
0.005 
0 .  0 9  
0 .06  
0.0 6 
0.06 
0 .06  
0.08 
2 P f l i n  
43,100 
42,100 
41, 500 
- 1 ,  A I  J W W  7nn 
41, 500 
42, 700 
234,000 
222,000 
214,000 
224,000 
21 7 ,000  
11 6, 500 
121 ,000  
116 ,000  
111,000 
115,000 
113,000 
58,000 
59 ,000  
56, 500 
59, 500 
61, 700 
59 ,800  
56 
Table VI1 cont. 
2 Number  P f /dev ice  ( 9 m m  ) Dissipat ion F a c t o r  Pf / i n  
Sample  2 
66C05 1 shor ted  
2 7 , 3 2 0  
3 shor ted  
4 shur te i :  
5 7 , 8 1 0  
6 7 , 6 0 0  
66C06 1 3, 500 
2 3 ,  680 
3 3 ,  620 
4 3 , 8 0 0  
5 3 , 8 4 0  
6 3 ,  550 
66C07 1 3 0 , 0 0 0  
2 4 0 , 0 0 0  
3 3 7 , 0 0 0  
4 34 ,000  
5 3 3 , 0 0 0  
6 2 8 , 0 0 0  
0 . 0 2  524 ,000  
0.02 
0.02 
0. 04 
0 .04 
0. 04 
0 . 0 7  
0 .06  
0 . 0 6  
0. 63 
0. 76 
0. 68 
0 . 6 7  
0. 67 
0 .  70 
559 ,000  
544 ,000  
245 ,000  
263 ,000  
2 5 9 , 0 0 0  
272 ,000  
274 ,000  
2 5 4 , 0 0 0  
2 , 1 4 0 ,  000 
2 , 8 6 0 ,  000 
2 , 6 4 0 , 0 0 0  
2 , 4 3 0 ,  000 
2 , 3 6 0 , 0 0 0  
2 , 0 0 0 , 0 0 0  
Sample 
Number 
TABLE VI11 
Tempera tu re  Coefficient of Capacitance 
66C04 5* 
6 
Tempera ture  
Change(OC) 
7 5 9 \* 
75 
:: Six capac i tors  per  subs t ra te .  
+* 2 5 ° C  to  100°C. 
C apac i tanc e 
Change (Pf) 
17. 2 
1 7 . 2  
TCC(PPM/OC) 
262 
271 
58 
L 
E )  
I .  
I 
I 
t 
I 
e 
b 
I 
Y 
I 
ii 
I 
I 
I 
8 
1 
8 
n 
Sample 
Number 
TABLE I X  
Breakdown Voltage 
Onset  of any Non-Ohmic Conduction 
Uncertainty Band (Volts)  
Bot tom 
66C04 1 *  
2 
4 
5 
47 volts 
38 
30 
35 
60 volts 
48 
30 
45 
:t Six capac i tors  pe r  subs t ra te .  
5 9, 
4 . 0  ANALYSIS OF TEST DATA 
The t e s t  data  gained during the cour se  of t h i s  p r o g r a m  h a s  indicated 
the na ture  of a number  of basic phenomona. The d iscuss ion  of t hese  
indications h a s  been compiled in  Section 4 .1  and 4 . 2 .  These  sec t ions  
cvver “Lie aspjecis of i-esistor f ~ b r i ~ ~ t i ~ ~  and c a p z i t ~ r  f a b r i ~ a t i ~ n  
respect ively.  
4 . 1  RESISTORS 
During the cour se  of th i s  p rogram,  t h r e e  m a j o r  a r e a s  of re la t ionship 
with r e g a r d  to  r e s i s t o r  proper t ies  have been i so la ted .  These  a r e  
composition ( spec i f ica l ly  with r e g a r d  to  oxygen content of a me ta l  
f i lm) ,  s t ruc tu re  of the r e s i s t i ve  film and geomet ry  of the film ( p r i -  
m a r i l y  in t e r m s  of thickness) .  The re la t ionships  involved give some  
indication of the u l t imate  p a r a m e t e r  l i m i t s  which can  be r eached  in 
the fabricat ion of meta l l ic  thin film r e s i s t o r s .  
4. 1 .  1 
When high r e s i s t ance  devices were  being f ab r i ca t ed  and t e s t ed ,  a 
relat ionship between the factor of res idua l  oxygen and moi s tu re  in  
the sys t em and t h e r m a l  noise of the r e s i s t o r s  was  noted. 
taken to  control  and measu re  these  r e s idua l s ,  with a subsequent 
reduction in the  noise  of high value r e s i s t o r s .  
i s  that  oxygen inclusion in the r e s i s t i v e  films f o r m s  b a r r i e r s  through 
which conduction o c c u r s  by non-ohmic p r o c e s s e s .  
involved a l so  contr ibute  to the negative TCR.  
c e s s e s  a r e  of a s ta t i s t ica l  na tu re ,  giving r ise  to  random conduction 
bu r s t s .  
content will be noisy.  
menta l  data  with r e g a r d  to no i se .  
Composition and P r o p e r t i e s  
Steps w e r e  
The p r e s e n t  hypothesis  
The p r o c e s s e s  
These  non-ohmic p r o -  
This  means  that any sample  with a l a r g e  oxygen inclusion 
The hypothesis  definitely checks  against  e x p e r i -  
4. 1 .  2 
I t  has  been hypothesized that the cold subs t r a t e  deposit ion p r o c e s s  
f o r m s  films which a r e  continuous a t  v e r y  small th icknesses .  The 
S t ruc tu re  and P r o p e r t i e s  
8 -  
1- 
i is land s t ruc tu re  of thin f i lms f o r m e d  by conventional deposition techniques has  been suggested a s  a b a s i s  fo r  noise  and negative 
t empera tu re  coefficients of r e s i s t ance .  
point defects  in  the me ta l  f i lms h a s  a l so  been hypothesized. 
i s  cited by E. E. Th.;r,, e t  a!, 3" r-b- - - -  1 8 2 cf _h?Iicrnelprtronics; 
Theory Design and Fabricat ion (edi ted by Edward  Keonjian, McGraw- 
Hil l ,  N .  Y .  , 1963). I t  appea r s  that  cold subs t r a t e  deposit ion can be 
used  to achieve opt imum s t ruc ture  for  r e s i s t o r s  and thereby  extend 
the useful  range of res i s tances .  
A dependence of TCR on 
Th i s  
4 . 1 . 3  Geometry  and P r o p e r t i e s  
Metall ic r e s i s t i ve  f i lms ,  having th ickness  of the o r d e r  of one e lec t ron  
mean f r e e  path, exhibit p roper t ies  considerably different f r o m  those  
of the bulk me ta l s .  
have an effect upon t h i s ,  except in the c a s e  of s t ruc tu re - sens i t i ve  
p a r a m e t e r s .  The ve ry  thin films a r e  normal ly  quite s t ruc tura l ly  
sensi t ive,  however,  and it a p p e a r s  that  the cold subs t r a t e  p r o c e s s  
f o r m s  f i lms  which a r e  more  stable than conventionally deposited films. 
The cold subs t r a t e  deposit ion p r o c e s s  does not 
4. 1 . 4  Ultimate L imi t s  
The ul t imate  l imi t s  of sheet r e s i s t ance  of thin film r e s i s t o r s  which 
have sa t i s fac tory  operating p a r a m e t e r s  appear  to  be on the o r d e r  of 
10 ohms  p e r  square .  
techniques which avoid the poss ib i l i t i es  of i s land  formation,  oxygen 
inclusion, and environmental  modification of s t ruc tu re .  With such 
techniques,  i t  should b e  possible to  f o r m  r e s i s t o r s  having TCR values  
of the o r d e r  of 100 PPM/'C, c u r r e n t  noise  of the o r d e r  of -25 db t o  
an index of one microvol t  pe r  volt, and which a r e  s table  over  long 
operating t i m e s  under environmental  conditions.  
that  the r e s i s t o r s  a r e ,  in effect ,  sealed as  they a r e  fo rmed  and that 
a high degree  of control i s  exe rc i sed  on the formation environment .  
The re  should be no difficulty in p repa r ing  such r e s i s t o r s  to a - t 1% 
to1 e ranc  e without t r imming . 
5 This limit depends on the development of 
This  will r e q u i r e  
61 
4 . 2  CAPACITORS 
Major  re la t ionships  between the p r o p e r t i e s  of capac i to r s  and the 
th ree  p a r a m e t e r s  (composition, s t r u c t u r e  and geometry)  fo r  the 
d ie lec t r ic  l aye r  are apparent .  
quali ty and the f igure  of  m e r i t  of capac i to r s .  
These  p a r a m e t e r s  control  the 
4.  2.  1 Die lec t r ic  Composition and P r o p e r t i e s  
The d i e l ec t r i c  l aye r  ma te r i a l  u sed  in th i s  p r o g r a m  was s i l icon 
monoxide. F r o m  some  aspec t s ,  th i s  i s  an excel lent  m a t e r i a l  t o  
work with. F r o m  o t h e r s ,  i t  i s  one of the poore r  m a t e r i a l s .  S i 0  
h a s  a f a i r  d i e l ec t r i c  s t rength (of the o r d e r  of 2 X 10 6 V / c m ) ,  and 
a good d ie l ec t r i c  constant f o r  example ,  5. However ,  the d ie lec-  
t r i c  constant i s  highly sensit ive to the s t a t e  of oxidation of the 
s i l icon and may  range f rom about 4 to about 8. 
of si l icon oxide d ie lec t r ics  i s  a l so  somewhat a function of composi -  
tion. These  f a c t o r s  mean that  the s y s t e m  p r e s s u r e ,  r e s idua l  g a s  
composition, deposit ion r a t e ,  and source  t e m p e r a t u r e  m u s t  be 
control led c lose ly  i n  o rde r  to  produce thin f i l m  capac i to r s  repea ted ly  
f r o m  SiO. A p rec i se ly  repeatable  deposit ion cycle  with S i 0  will  give 
a good yield of capac i to r s ,  but the cycle  mus t  be p r e c i s e .  
Mois ture  sensi t ivi ty  
If a l a r g e r  product  of d ie lec t r ic  constant and d i e l ec t r i c  s t rength  is 
des i r ed  - a s  might be dictated by the design vol tages  and capac i tances  
p e r  unit a r e a  fo r  ce r t a in  applications - m a t e r i a l s  o ther  than S i 0  
should be cons idered ,  There a r e  o the r  oxide s y s t e m s ,  having d e s i r a b l e  
stabil i ty p rope r t i e s ,  which should produce a f i g u r e  of m e r i t  a t  l e a s t  
twice that a t ta inable  by the u s e  of si l icon monoxide.  
mixed oxide of dyspros ium,  boron,  and sil icon. Sys t ems  such a s  
th i s  offer high capaci tance,  high working voltage,  high t e m p e r a t u r e  
operat ion,  and low t empera tu re  coefficient i f  they a re  p rope r ly  f o r m u -  
la ted.  
An example  is  a 
They a l s o  p re sen t  unique p rob lems  of fabr icat ion.  
4. 2 . 2  
The opt imum d ie l ec t r i c  layer  f o r  capac i tor  u s e  is an e x t r e m e l y  dense 
Die lec t r ic  S t ruc ture  and P r o p e r t i e s  
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one. 
Other  f o r m s  of defects  can a l s o  degrade  the d ie lec t r ic ;  fo r  example ,  
l a t t i ce  vacancies  could contribute to  tunneling and field ionization 
phenomena, both undesirable  in  the c a s e  of capac i tors .  T h i s  does 
not mean  that ,  on the ul t imate  leve l ,  one needs ci- w a n t s  a skg!c 
c rys t a l  d ie lec t r ic .  
which h a s  a higher  d ie lec t r ic  s t rength  i n  the amorphous  f o r m  than 
it h a s  in the c rys ta l l ine  form.  
d i e l ec t r i c  h a s  no voids,  and i s  in the c loses t  possible  packing fo r  
i t s  s t ruc tu re .  
G r o s s  defects  such a s  pinholing obviously can  cause  short ing.  
Silicon dioxide i s  an excellent example  of a m a t e r i a l  
The point h e r e  is that the idea l  
4 .  2 .  3 D ie l ec t r i c  Geometry and P r o p e r t i e s  
The no raml  capaci tance formula appl ies  to film capac i to r s .  
a r e  some slight deviations a s  the d i e l ec t r i c  films a r e  m a d e  v e r y  
thin. 
thin f i lm i s  nea r ly  per fec t .  
range  phenomena. 
be t te r  on a percentage  basis  i f  they a re  f a i r ly  thick. 
that  t he re  will be l e s s  opportunity for  local  breakdown i n  a thick 
d i e l ec t r i c  l aye r .  
l a y e r ,  a high d i e l ec t r i c  constant m a t e r i a l  i s  needed. This  r e t u r n s  
the problem to the m a t e r i a l s  a r e a .  
T h e r e  
One of these  i s  a n  i n c r e a s e  in d i e l ec t r i c  s t rength  i f  the ve ry  
This  i n c r e a s e  i s  due p r i m a r i l y  to  sho r t  
Uniformity of d i e l ec t r i c  thin films is  usual ly  
Th i s  m e a n s  
In o r d e r  t o  have both high capaci tance and a thick 
4. 2.4 .  Ult imate  Limit s 
The u l t imate  l i m i t s  for  thin film capac i to r s  using s i l icon monoxide 
d i e l ec t r i c  l a y e r s  l i e  somewhere in  the vicinity of a hypothetical  
capac i tor  having composite bes t  p a r a m e t e r s  a s  obtained under  t h i s  
cont rac t .  The f igure  of m e r i t  l imi t  i s  of the  o r d e r  of 6 X 10 V-f / in  
fo r  100 volt breakdown capac i tors ,  which p l aces  the max imum capac i  - 
tance a t  about 6 0 , 0 0 0  pf / in  . To achieve h igher  va lues ,  f o r  example ,  
a f i gu re  of m e r i t  of the o r d e r  of 13 X 
s y s t e m s  mus t  be considered.  The m a t e r i a l s  s y s t e m ,  which will give 
- 6  2 
2 
V-f / in2  , o the r  m a t e r i a l  
6 3  
such a f igure of m e r i t  while re ta ining a low t e m p e r a t u r e  coefficient 
of capaci tance,  v e r y  l ikely will be a mixed  oxide s y s t e m  with one 
component being of the r a r e  e a r t h  family.  T h e r e  is evidence that 
such s y s t e m s  will be operable  at t e m p e r a t u r e s  well in e x c e s s  of the 
operatir,g t e .npe ra tu re  nf p r e s e n t  d a y  act ive devices  of the solid 
s ta te  fo rm.  
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5 . 0  RECOMMENDATIONS AND CONCLUSIONS 
This  p r o g r a m  has  shown that r e s i s t o r s ,  with high sheet  r e s i s t a n c e  
and having other  des i r ab le  c h a r a c t e r i s t i c s ,  can be deposited in  s e t s  
which have a sp read  of l e s s  than plus  o r  minus  one pe rcen t ,  by m e a n s  
of cold subs t ra te  deposition. 
low leakage capac i to r s ,  having useful working vol tages ,  can  be p r e -  
p a r e d  by the s a m e  m e a n s .  
I t  has  a l s o  shown that high capac i tance ,  
This  i s  only the f i r s t  s tep  toward the application of cold subs t r a t e  
deposition to p rob lems  of fabricat ion of m i c r o c i r c u i t  s y s t e m s .  In 
o r d e r  that  the potential advantages of th i s  p r o c e s s  m a y  be seen ,  it 
i s  helpful to  provide additional comment s  about the  p r o c e s s ,  p e r  s e .  
The p r o c e s s  can be conducted i n  such a manner  that tenacious bonding 
between evaporant  and subs t ra te  c a n  be achieved a t  room ambient  
subs t r a t e  tempera tur  e s  for m a t e r i a l s  which, by conventional m e a n s  , 
mus t  be deposited a t  subs t ra te  t e m p e r a t u r e s  of 150°C to  4 O O O C  
in o r d e r  t o  e n s u r e  adhesion. 
of the p r o c e s s .  Such a fea ture  i s  a t t r ac t ive ,  for  example ,  when using 
o rd ina ry  pho to res i s t s  for reject ion masking .  In the c a s e  of cold sub-  
s t r a t e  deposit ion,  adhesion of the deposited films is dependent on 
chemica l  bonding. A weak l ink of a thin film sys t em m a y  be the l a c k  
of e i ther  adhesion of one layer  to  another  o r  cohesion within a s ingle  
l a y e r .  In e i ther  c a s e ,  for  the  cold subs t r a t e  deposit ion p r o c e s s ,  the 
l imit ing fac tor  i s  the strength of the chemica l  bonding involved. 
m a y  be meta l l ic  bonding, covalent bonding, ionic bonding, o r  any f o r m  
of in te rmedia te  bonding. 
T h i s  inherent  f ea tu re  l ed  to  the naming 
This  
Other  benefits  inherent  in  this  p r o c e s s  include the abi l i ty  to  f o r m  v e r y  
thin films of high integri ty  and to  provide some  control  of the s t r u c t u r e  
of the depo site.d l a y e r .  
With the preceding  comments  on the  cold subs t r a t e  p r o c e s s  in mind ,  
i t  becomes possible  to  formulate  logical  areas of study which will 
l ead  to the successfu l  solution of p rob lems  in  mic roc i r cu i t  technology. 
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5. 1 RESISTORS 
The a r e a s  to  be fur ther  studied with r e g a r d  to r e s i s t o r s  a r e  the 
high-value,  s m a l l - a r e a  devices  for  hybrid and monolithic c i rcu i t ry .  
Most f ac to r s  of technology f o r  t h i s  type of device can be interchanged 
d i rec t ly  between sii icon rrlurloliiliic aiid glass,' ccraLxic s ~ b s t r s t e  5.
Because of the m o r e  severe  " r e a l  es ta te"  problem with monoli thics ,  
the recommended 
deposit ion to  the fabrication of r e s i s t o r s  fo r  si l icon in tegra ted  c i r  - 
cui ts .  
not available for  monolithic c i rcu i t  design. 
t o l e rances ,  low TCR,  and high sheet r e s i s t a n c e  m a k e s  th i s  a r e a  of 
a t tack  ve ry  a t t rac t ive .  
course  i s  the application of cold subs t r a t e  
This  will provide a range  of r e s i s t o r s  having p r o p e r t i e s  p re sen t ly  
The combination of c lose  
5 . 2  CAPACITORS 
The p resen t  s ta te  of the  a r t  fo r  capac i to r s  p r e p a r e d  by cold subs t r a t e  
deposition i s  nea r  the the ro re t i ca l  l i m i t s  fo r  si l icon monoxide d i e l ec t r i c .  
The next s tage of development will be to ut i l ize  o ther  d i e l ec t r i c  m a t e r i a l s .  
I t  appea r s  advantageous to do th i s  f o r  si l icon in tegra ted  c i r cu i t s  f o r  the  
s a m e  r e a s o n s  that  apply to fu r the r  development of r e s i s t o r s .  
5 . 3  ACTIVE CIRCUIT ELEMENTS 
The e x t r e m e  ve r sa t i l i t y  of the  cold subs t r a t e  deposit ion p r o c e s s ,  p a r t i  - 
cular ly  in  the a r e a s  of forming films of highly r e f r a c t o r y  m a t e r i a l s ,  and 
in  forming films of compounds and a l loys  of specif ic  p r o p e r t i e s ,  l e a d s  
to  the potential  goal of thin film act ive e l emen t s  by th i s  method. In  o r d e r  
to  extend the application of the  cold subs t r a t e  p r o c e s s  to  the  fabr ica t ion  of 
complete  e lec t ronic  c i rcu i t ry ,  additional s tudies  will have to  be pe r fo rmed ,  
re la t ive  to the s t ruc tu ra l  and e l ec t r i ca l  p r o p e r t i e s  of the film. 
The u l t imate  purpose  of these s tudies  would be to develop, op t imize  and 
control  the deposit ion p a r a m e t e r s  of the cold subs t r a t e  p r o c e s s  to  p r o -  
vide f i lms  of active-device qual i t ies .  
both s t ruc tu re  a s  well a s  su r f ace  sens i t ive ,  the  evaluation p r o g r a m  of the 
films should include: 
A s  all types  of ac t ive  devices  a r e  
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1 .  Determinat ion of degree  of c rys ta l l in i ty  and c r y s t a l  
perfect ion by X-ray diffraction and e l ec t ron  m i c r o -  
scopy. 
2.  Determinat ion of f i lm res i s t iv i ty ,  c a r r i e r  mobil i ty  
and sur face  s ta te  densiiy L y  i-lieaiis of Ha!! Z Z L . S U T ~ -  
ment  s. 
5 . 4  HYBRID CIRCUIT APPLICATIONS 
The cold subs t r a t e  p r o c e s s  h a s  g rea t  potential  for  u s e  in hybrid 
c i r cu i t s  for both pass ive  component fabr ica t ion ,  a s  d i scussed  
e a r l i e r ,  and conductor deposition fo r  interconnect ion.  A s  an  
example ,  the cold subs t ra te  p r o c e s s  provides  a m e a n s  of forming  
diffusion and migra t ion  b a r r i e r s  to prevent  undes i red  al loy formati  on 
and react ion.  
interconnect ion problem.  The lowering of adhesion of contact  pad 
s t ruc tu re  can be prevented by introducing a b a r r i e r  t o  t in and lead  
diffusion ( for  example,  nickel) ,  which i s  covered  by a solderable  
meta l  ( for  example,  gold). With cold subs t r a t e  deposit ion,  i t  i s  even 
possible  to  build a so lder  p r e f o r m  into a contact pad and pro tec t  i t  
f r o m  oxidation. F o r  example,  an aluminum-nickel  s t ruc tu re  can be 
given a f lash of gold, a heavy deposit  of t in - lead  so lde r ,  and a final 
gold f lash.  
s t ruc tu re  and heated,  would need no fluxing. 
not l imi ted  to the tin -lead sys tem.  
Application of such b a r r i e r s  i s  c i ted in  the following 
Such a s t ruc tu re ,  placed in int imate  contact with a similar 
Solder  a l loys  a r e  natural ly  
In a s imi l a r  manner  
a suitable sheathing ma te r i a l  a f te r  deposit ion of a low re s i s t ance  
ma te r i a l .  
of t i tanium -copper  -nickel.  
weldable s t r u c t u r e s  can  be p r e p a r e d  by applying 
One sys t em which h a s  been studied to some degree  is  that  
5.  5 MONOLITHIC CIRCUIT APPLICATIONS 
The application of cold subs t ra te  deposit ion to  conventional monolithic 
mic roc i r cu i t  fabr icat ion is  a t t r ac t ive  f r o m  the standpoints of potentially 
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g r e a t e r  re l iabi l i ty  and low cos t .  
f ac to r s .  
s tep in forming  aluminum-si l icon contac ts ,  thus  removing a c r i t i ca l  
high t empera tu re  cycling process .  
car? he p r ~ p a r e r l  i inder low t e m p e r a t u r e  conditions,  thereby  removing 
subsequent high t empera tu re  cycling s t eps ,  and el iminat ing a s h e a r  
and bending s t r e s s  situation which is inherent  i n  the rma l ly  grown S i02  
films on sil icon. A th i rd  is that  the cold subs t r a t e  deposit ion p r o c e s s  
can  be used  to  f o r m  high res i s tance  prec is ion  r e s i s t o r s .  
a m e a n s  of reducing the subs t ra te  a r e a  devoted to such r e s i s t o r s .  
These  benefits  s t e m  f r o m  seve ra l  
The f i r s t  of these i s  the proposed elimination of the alloying 
The second i s  that  d i e l ec t r i c  f i l m s  
This  p rov ides  
The potential  cos t  saving for conventional monolithic mic roc i r cu i t  
fabr ica t ion  would come about due to  the s h o r t e r  p r o c e s s  t i m e  and 
improved yield. 
5. 6 THIN FILM CIRCUIT APPLICATIONS 
The  development of an active thin film device by cold subs t r a t e  
deposit ion will l ead  to  a total thin film c i r cu i t  capabili ty.  The probable  
type of such a device is  the thin film field effect  t r a n s i s t o r .  Th i s ,  in 
conjunction with the technology d i scussed  under  the heading of Hybrid 
Ci rcu i t  Applications,  gives a total  thin film c i rcu i t  capabili ty with 
e x t r e m e  1 y de sir ab le  cha r  ac t e ri s t i  c s . 
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Appendix I 
DESIGN GOALS 
Utilizing a co ld-subs t ra te  deposition p r o c e s s ,  produce r e s i s t o r s  
having the following minimum design goal requi rements :  
2 3 4  5 
Sheet r e s i s t ance  10 , 10 , 10 , and 10 o h m s  p e r  square .  
Tempera tu re  coefficient of r e s i s t ance  ( T .  C . R .  ) 
4 1 0 0  ppm/OC for  r e s i s t o r s  in the range  l o 2  - 10 
square .  
will be m e a s u r e d  but no extensive effor t  will be made  to  
achieve 100 ppm/OC. 
Operat ing t empera tu re  r ange ,  -30 to  145OC. 
Adjustment - t 1%. 
Cur ren t  noise db -35; U v / v  in a decade a s  recommended 
by NBS. 
Nominal value without adjustment  - t 10%. 
Stabil i ty - t 1 to  270. 
Moi s t u r  e -humidity e ff e c t s - t 1 70. 
5 
o h m s /  
The T.  C . R .  of l o 5  ohms pe r  squa re  m a t e r i a l  
Utilizing a co ld-subs t ra te  deposition p r o c e s s ,  fabr ica te  capac i to r s  
having the following minimum design goal requi rements :  
( a )  Capaci tance * 60, 000 pf / in  
(b )  Tempera tu re  coefficient 2 300 ppm/OC 
2 
4- 2 to  370 
( d )  Working voltage 2 50 vdc 
( e )  Breakdown voltage * 100 vdc 
( c )  Stability- - 
t 1% ( f )  Adjustment - 
( g )  Nominal value without adjustment  - t 10% 
( h )  F i g u r e  of m e r i t  6 X v - f / i n  2 
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Appendix I1 (cont 'd) 
Specimens Meeting Design Goals 
CaDacitor s 
Tempera tu re  Coefficient 
of Capacitance 
Stability 
Working Voltage 
Breakdown Voltage?6* 
Adj us  tme  nt 
Nominal Value 
without Adjustment 
F igure  of Mer i t  
Sample No. 
66C04 
66B05 
66C04 
Not met. 
66B06 
66C03 
66C04 ) Short t e r m  
66B05 ) 100 volt s tr e s s ing . 
66C 07 
66C04 
66C 0 3  
** Based on shor t  term 100 volt s t r e s s ing .  
7 2  
Appendix I11 
TECHNIQUE FOR PHOTOMASKING O N  LIGHT 
SCATTERING SUBSTRATE M A T E R I A L P  
Stuar t  M. Oliver 
Genera l  P r e c i s i o n  Inc. ,  L ibrascope  Group, Glendale,  Cal i forn ia  
It is des i r ab le  in some  thin-film device fabr ica t ions  t o  use  photomasking 
techniques on the first sur face  of a d ie lec t r ic  subs t ra te .  
a coat  of photoresis t ,  applied d i rec t ly  to  the  s u b s t r a t e  sur face ,  is ex-  
posed to  radiation through a photographic m a s k .  
is  used, for  example,  when the subs t r a t e  i tself  is to  be etched,  o r  when 
the photoresis t  s e r v e s  a s  a reject ion m a s k  f o r  a subsequently deposi ted 
film. 
the first sur face  of the subs t ra te .  
subs t ra te  m a t e r i a l s  are t r anspa ren t  t o  ul t raviolet  radiat ion of the wave-  
lengths to  which photores i s t  m a t e r i a l s  a r e  sens i t ive .  Th i s  fact compli-  
ca t e s  the photomasking, in that any ul t raviolet  pas s ing  through the photo- 
r e s i s t  l aye r  during exposure  can  be re f lec ted  back under the edges  of the 
exposure m a s k  t o  wash  out the edge of the r e s i s t  pa t te rn .  
cation of fe rs  a solution for  th i s  p roblem.  
In th i s  approach,  
Th i s  fabr icat ion method 
In o thers ,  i t  m a y  be des i r ab le  t o  photoetch a t r a n s p a r e n t  l aye r  on 
Many of the more useful d ie lec t r ic  
Th i s  communi-  
Two types  of subs t r a t e  are normally encountered.  
parent  subs t r a t e  such as c lear  qua r t z  o r  sapphi re  and the sca t t e r ing  sub-  
strate such as 99  percent  alumina, which is  t rans lucent .  
of subs t r a t e s  p re sen t  light reflection p rob lems  (which r equ i r e  different  
approaches fo r  solution).  
These  a r e  the t r a n s -  
These  two types 
The t r anspa ren t  subs t r a t e  ma te r i a l  r e f l ec t s  l ight f r o m  the second su r face  
(F igu re  1). This  de t r imen ta l  effect  on image  edge definition can  be mini -  
mized  by using a l ight-absorbing coating on the second su r face .  
m a t e r i a l  used should have a n  index of r e f r ac t ion  which m a t c h e s  fa i r ly  wel l  
with that of the subs t r a t e  t o  minimize in te r face  ref lect ion.  This  technique 
is fa i r ly  s tandard .  
The  
F o r  mos t  applications,  one of the bes t  coating materials 
is  3M velvet coating optical  black, which is available in  several f o r m s .  (1) 
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The sca t te r ing  subs t r a t e  not only reflects light f r o m  the  second sur face ,  
but a l so  c r e a t e s  i n t e rna l  light s ca t t e r ing  (F igu re  2).  
cannot be c o r r e c t e d  by introducing a second su r face  coating, 
been found that  a precoat ing of the  first su r face  of the subs t r a t e  with a 
m a t e r i a l  such as s i l icon  monoxide will  prevent  image  washout on scatter- 
ing subs t r a t e s .  
thick, p e r f o r m s  sat isfactor i ly  ( F i g u r e  3). The major n p t i c a l  requirem.ent 
is that  the coating should be highly absorbent  t o  wavelengths s h o r t e r  than  
500 mi l l imic rons ,  
l imi ted  to  S i 0  as an ultraviolet  blocking l a y e r .  
T h i s  l a t t e r  effect  
It h a s  
A coating of SiO, between 5, 000 and 10, 000 a n g s t r o m s  
Th i s  means  tha t  the technique is  not necessa r i ly  
The technique desc r ibed  he re  h a s  been successfu l ly  used to  produce s h a r p  
photomask i m a g e s  on c e r a m i c  s u b s t r a t e  m a t e r i a l s ,  upon which only poor 
quality images  could be produced by o ther  methods.  
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RADIANT ENERGY 
ET 
PHOTOGRAPHIC MASK 
OPAQUE IMAGE 
F i g u r e  1 .  Image Decay by Second Surface  Reflection of 
T ranspa ren t  Subs t ra te  Mate r i a l  
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RADIANT 
ENERGY 
\ \ \  
PHOTOGRAPHIC MASK 
SCATTERING 
CENTERS - 
TRANSLUCENT (CERAMIC) 
SUBSTRATE 
Figure  2 .  Image Decay by In te rna l  Reflection of 
Trans lucent  subs  t r ate Mate r i a l  
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BLUE AND 
ULTRAVIOLET 
BLOCKING LAYER 
PHOTOGRAPHIC M A S K  
TRANSLUCENT 
SUBSTRATE 
Figure  3 .  Interposit ion of an  Ultraviolet  Blocking 
Laye r  on Trans lucent  Subs t ra te  
